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M o n o c l o n a l  a n t i b o d i e s  a r e  i d e a l l y  s u i t e d  t o  t h e  s t u d y  o f  a 
h e t e r o g e n e o u s  p o p u l a t i o n  o f  p a r t i c l e s  s u c h  a s  p l a s m a  
l i p o p r o t e i n s ,  a n d  i n  t h e  l a s t  f e w  y e a r s  t h e i r  a p p l i c a t i o n  
t o  l i p o p r o t e i n  r e s e a r c h  h a s  m u s h r o o m e d  T h e y  h a v e  t h e  
a b i l i t y  t o  p i c k  o u t  o n e  a n t i g e n  o u t  o f  a t h o u s a n d  on  a
t
c e l l  o r  p r o t e i n  s u r f a c e  a n d  t h e y  w i l l  b i n d  t o  t h a t  
d e t e r m i n a n t  w h e r e v e r  i t  i s  p r e s e n t e d  By t h e i r  b i n d i n g  t o  
t h e  a n t i g e n i c  d e t e r m i n a n t s  o f  a p o l i p o p r o t e i n s , w h i c h  a r e  
d i s t r i b u t e d  a m o n g  t h e  v a r i o u s  l i p o p r o t e i n  c l a s s e s ,  t h e y  
h e l p  t o  d e f i n e  t h e  m e t a b o l i c  p a t h w a y s  o f  t h e  l i p o p r o t e i n s  
B e c a u s e  o f  t h e  a n t i b o d y  s p e c i f i c i t y ,  v a r i a n t  f o r m s  o f  a n  
a p o l i p o p r o t e i n  m o l e c u l e  c a n  b e  d i s t i n g u i s h e d  a n d  m  s ome  
i n s t a n c e s  p e r h a p s ,  s u c h  a v a r i a t i o n  c a n  b e  c o r r e l a t e d  w i t h  
a b n o r m a l i t i e s  i n  l i p i d  t r a n s p o r t
W i t h  r e g a r d  t o  q u a n t i t a t i o n  o f  a p o l i p o p r o t e i n s  a n d  
l i p o p r o t e i n  c l a s s e s  m o n o c l o n a l  a n t i b o d i e s  a r e  a d v a n t a g e o u s  
o v e r  p o l y c l o n a l  a n t i b o d i e s  T h e  c o m p l e x  i m m u n o l o g i c a l  
p r o p e r t i e s  o f  s o m e  o f  t h e  l i p o p r o t e i n s  r e s u l t s  i n  muc h  
v a r i a b i l i t y  m  p o l y c l o n a l  a n t i s e r a  r a i s e d  a g a i n s t  t h e m  
T h e  b i o c h e m i c a l  a n d  i m m u n o l o g i c a l  p r o p e r t i e s  o f  
a p o l i p o p r o t e i n s  B a n d  E h a v e  b e e n  s t u d i e d  e x t e n s i v e l y  w i t h  
m o n o c l o n a l  a n t i b o d i e s ,  b y  m a n y  w o r k e r s  W i t h  a p o B ,  o t h e r  
b i o c h e m i c a l  t e c h n i q u e s  w o u l d  h a v e  b e e n  o f  l i m i t e d  u s e ,  
b e c a u s e  i t  i s  e x t r e m e l y  i n s o l u b l e  m  a q u e o u s  b u f f e r s  a n d  
i s  v e r y  s u s c e p t i b l e  t o  o x i d a t i v e  c l e a v a g e  M o n o c l o n a l  
a n t i b o d i e s  h a v e  h e l p e d  t o  o v e r c o m e  t h e s e  o b s t a c l e s  
A p o l i p o p r o t e i n s  B a n d  E a r e  i m p o r t a n t  i n  l i p o p r o t e i n  
m e t a b o l i s m  i n  t h a t  t h e y  b i n d  c e l l  m e m b r a n e  r e c e p t o r s ,  t h u s  
p r o m o t i n g  t h e  c e l l u l a r  u p t a k e  o f  t h e s e  l i p o p r o t e i n  
c l a s s e s  T h e  e m p h a s i s  o n  r e s e a r c h  i n v o l v i n g  m o n o c l o n a l
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a n t i b o d i e s  a g a i n s t  t h e s e  a p o l î p o p r o t e i n s  h a s  b e e n  i n  t h e  
c h a r a c t e r i s a t i o n  o f  t h i s  i m p o r t a n t  d o m a i n  o f  t h e  p r o t e i n  
1 2 L i p o p r o t e i n  a p o p r o t e i n s
T h e  c i r c u l a t i n g  l i p o p r o t e i n s  a r e  a h e t e r o g e n e o u s  g r o u p  o f  
m a c r o m o l e c u l a r  c o m p l e x e s  w h i c h  a r e  c l a s s i f i e d  a c c o r d i n g  t o  
t h e i r  h y d r a t e d  d e n s i t i e s  T h e  c h a r a c t e r i s t i c  w h i c h  s e t s  
t h e m  a p a r t  f r o m  o t h e r  p l a s m a  p r o t e i n s  i s  t h a t  t h e  
a s s o c i a t e d  l i p i d  r e n d e r s  t h e m  a b l e  t o  f l o t a t e  on  
u l t r a c e n t r i f u g a t i o n
T h e  c h a r a c t e r i s t i c s  o f  t h e  l i p o p r o t e i n  d e n s i t y  c l a s s e s  a r e  
s h o w n  m  t h e  t a b l e
T a b l e  1 2 C h a r a c t e r i s t i c s  o f  t h e  l i p o p r o t e i n  
c l a s s e s  m  h u m a n s
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800-5000 ro ra in  a t 
o rig in
300-800 pre-beta  
1 019 250-350 slew pre-beta
1 019-1 063 180-280 beta
HCL^= 1 063-1 125 50-120 alpha 
HH =^ 1 121-1 21
F r o m  H a r r i s o n ' s  p r i n c i p l e s  o f  I n t e r n a l  M e d i c i n e ,  1 0 t h  e d
- 1 2 -
B r o w n  e t  a l ,  1 9 8 1 ,  h a v e  r e v i e w e d  l i p i d  t r a n s p o r t  i n  h u m a n s  
w i t h  p a r t i c u l a r  e m p h a s i s  on  c h o l e s t e r o l  a n d  t r i g l y c e r i d e  
t r a n s p o r t
- 1 3 -
W h i l e  s t u d i e s  o f  l i p o p r o t e i n  m e t a b o l i s m  a n d  a s s o c i a t e d  
a b n o r m a l i t i e s  h a d ,  u p  u n t i l  t h e  1 9 7 0 ' s ,  c e n t r e d  a r o u n d  
c o n v e n t i o n a l  u l t r a c e n t r i f u g a l  a n d  e l e c t r o p h o r e t i c  
t e c h n i q u e s ,  t h e  d e s c r i p t i o n  o f  t h e  a p o p r o t e i n  c o m p o n e n t s  
p r o v i d e d  a  n e w  a p p r o a c h  t o  t h e  s t u d y  o f  l i p o p r o t e i n s  I t  
b e c a m e  c l e a r  b y  t h e  e n d  o f  t h e  1 9 6 0 ' s  t h a t  i n  o r d e r  t o  
l o o k  f o r  a  c a u s e  o f  s o m e  o f  t h e  l i p o p r o t e i n  d i s o r d e r s  o n e  
h a d  t o  s t u d y  t h e  b i o c h e m i c a l  c h a r a c t e r i s t i c s  o f  
a p o p r o t e i n s ,  m  b o t h  h e a l t h y  a n d  d i s e a s e d  s u b j e c t s  
F o r  e x a m p l e ,  w h i l e  t y p e  1 1 1  h y p e r l i p o p r o t e m a e m i a  h a d  b e e n  
d e f i n e d  e l e c t r o p h o r e t i c a l l y  b y  F r e d r i c k s o n  e t  a l ^ ( 1 9 6 7 ) ,  
t h e  r e c o g n i t i o n  t h a t  a m u t a n t  f o r m  o f  a p o l i p o p r o t e m  E was  
r e s p o n s i b l e  f o r  w h a t  l a y  b e h i n d  t h e  a b n o r m a l i t y  ( U t e r m a n n  
e t  a j . , 1 9 7 5 )  w a s  m a d e  b e c a u s e  t h e  h i g h e r  r e s o l u t i o n  
t e c h n i q u e  o f  i s o e l e c t r i c  f o c u s s i n g  w a s  t h e  c h o s e n  a p p r o a c h  
f o r  a p o p r o t e i n  a n a l y s i s  T h e  b i o c h e m i c a l  c h a r a c t e r i s a t i o n  
o f  a p o p r o t e i n s  h a s  t h u s  y i e l d e d  n e w  i n s i g h t  i n t o  t h e  
u n d e r l y i n g  c a u s e s  o f  l i p o p r o t e i n  d i s o r d e r s  A p o p r o t e i n s  
a r e  k n o w n  t o  f u n c t i o n  m  t h e  s e c r e t i o n ,  t r a n s p o r t  a n d  
m e t a b o l i s m  o f  l i p o p r o t e i n s  a s  w e l l  a s  m a i n t a i n i n g  t h e  
l i p o p r o t e i n  a s  a s t a b l e  s t r u c t u r e  m  t h e  p l a s m a  S e v e r a l  
h a v e  n o w  b e e n  i s o l a t e d  a n d  c h a r a c t e r i s e d  a n d  a n  a d d i t i o n  
t o  t h e  e l u c i d a t i o n  o f  t h e i r  a m i n o  a c i d  s e q u e n c e ,  m a n y  
a p o p r o t e i n  g e n e s  h a v e  n o w  b e e n  c l o n e d  a n d  m a p p e d  m  t h e  
h u ma n  g e n o m e  M u t a t i o n s  h a v e  a l s o  b e e n  i d e n t i f i e d ,  s ome  
o f  w h i c h  h a v e  a d v e r s e  a f f e c t s  o n  l i p o p r o t e i n  m e t a b o l i s m
- 1 4 -
A p o A - 1  i s  t h e  m a j o r  p r o t e i n  c o m p o n e n t  o f  HDL c o n s t i t u t i n g  
a b o u t  70% o f  i t s  HDL p r o t e i n s  ( H e r b e r t  e t  a L ,  1 9 8 2 )  I t s  
c o n c e n t r a t i o n  i n  p l a s m a  i s  1 0 - 1  2 m g / m l  ( B r e s l o w ,  1 9 8 5 )  
a n d  i t  h a s  a m o l e c u l a r  w e i g h t  o f  2 8 , 5 0 0  d a l t o n s  T h e  
a m i n o  a c i d  s e q u e n c e  o f  a p o A - 1  h a s  b e e n  e l u c i d a t e d  b y  
p r o t e i n  s e q u e n c i n g  m e t h o d s  ( B r e w e r  e t  a_l ,  1 9 7 8 )  a n d  a l s o  
b y  DNA s e q u e n c i n g  o f  a p o A - 1  cDNA c l o n e s  ( F o r  r e f e r e n c e s ,  
s e e  B r e s l o w ,  1 9 8 5 )
R e s i d u e s  9 9 - 2 3 0  a r e  c o m p o s e d  o f  s i x  t a n d e m  2 2  a m i n o  a c i d  
r e p e a t s  a n d  f i v e  o f  t h e  s i x  r e p e a t s  b e g i n  w i t h  p r o l i n e  
T h e  s e c o n d a r y  s t r u c t u r e  s p e c i f i e d  b y  t h e  a m i n o  a c i d s  i s  
t h a t  o f  a n  a l p h a - h e l i x  w i t h  a n o n p o l a r  s i d e  f a c i n g  t h e  
l i p i d  c o r e  a n d  a p o l a r  s i d e  w h i c h  f a c e s  t h e  p l a s m a  
e n v i r o n m e n t  I n  a d d i t i o n  t o  i t s  a b i l i t y  t o  b i n d  l i p i d s  
a n d  c o n f e r  s t a b i l i t y  o n  a l i p o p r o t e i n  p a r t i c l e  m  p l a s m a ,  
A p o A - 1  h a s  b e e n  s h o w n  t o  a c t i v a t e  L C A T ,  ( F i e l d i n g  e t  a l , 
1 9 7 2 ,  S o u t a r  e t  a l . ,  1 9 7 5 )  t h u s  p r o m o t i n g  c h o l e s t e r o l  
e s t e r  i f i c a t i o n
P o l y m o r p h i c  f o r m s  o f  a p o p r o t e i n  A - l  h a v e  b e e n  d e s c r i b e d  
M a n y  o f  t h e m  i n v o l v e  a m i n o  a c i d  s u b s t i t u t i o n s  w h i c h  a l t e r  
t h e  c h a r g e  o f  t h e  m o l e c u l e  b y  o n e  u n i t  A p o A _ 1 M i l a n o  
( F r a n c e s c h i n i  e t  a l ,  1 9 8 0 )  c o n t a i n s  a c y s t e i n e  f o r  
a r g i n i n e  s u b s t i t u t i o n  a t  r e s i d u e  1 7 3 ,  w h i c h  a l l o w s  t h e  
m o l e c u l e  t o  d i m e n s e  O t h e r  a p o A - 1  v a r i a n t s  i n c l u d e
A p o A _ 1 W a r b u r g '  ^ ^ G i e s s e n  « U t e r m a n n  e t  a l ,  1 9 8 2 )  a n d  
A p o A - l M^ n s t e r  ( 1 - 3 )  ( M e n f c e l  e t  a l ,  1 9 8 2 ) ,  a l l  o f  w h i c h
Apoprotein A-l
- 1 5 -
h a v e  a m i n o  a c i d  s u b s t i t u t i o n s  o r  d e l e t i o n s
A p o A - 1 1
T h e  n e x t  m o s t  a b u n d a n t  p r o t e i n  m  HDL c o m p r i s i n g  20% o f  
i t s  p r o t e i n ,  i s  a p o A - 1 1  P l a s m a  c o n c e n t r a t i o n s  o f  t h i s  
a p o p r o t e i n  a r e  0 3 - 0  5 m g / m l  ( B r e s l o w ,  1 9 8 5 )  a n d  i t  e x i s t s  
a s  a d i m e r  o f  m o l e c u l a r  w e i g h t  1 7 , 0 0 0  d a l t o n s ,  w h i c h  c a n  
b e  r e d u c e d  ( a t  a d i s u l p h i d e  b o n d )  t o  2 i d e n t i c a l  s u b u n i t s  
o f  m o l e c u l a r  w e i g h t  8 ,  5 0 0  d a l t o n s  T h e  a m m o  a c i d  
s e q u e n c e  h a s  b e e n  e l u c i d a t e d  ( B r e w e r  e t  a l ,  1 9 7 2 )  a n d  e a c h  
s u b - u n i t  h a s  7 7  a m i n o  a c i d s  T h e  p r e c i s e  p h y s i o l o g i c a l  
r o l e  o f  a p o A - 1 1  i s  s t i l l  u n d e t e r m i n e d  a l t h o u g h  i t  h a s  b e e n  
f o u n d  b y  F i e l d i n g  e t  a l ,  ( 1 9 7 2 ) ,  t o  i n h i b i t  L C A T ,  w h i l e  
S o u t a r  e t  a l ., ( 1 9 7 5 ) ,  a l s o  f o u n d  i t  t o  i n h i b i t  t h e  
a c t i v a t i o n  o f  L C AT
No m u t a t i o n s  o r  a b n o r m a l i t i e s  o f  h u m a n  a p o A - 1 1  h a v e  b e e n  
d e s c r i b e d
A p o A - I V
A p o l i p o p r o t e i n  A - I V  i n  h u m a n s  o c c u r s  m  t h e  c i r c u l a t i o n  
p r i m a r i l y  u n a s s o c i a t e d  w i t h  l i p o p r o t e i n s  a l t h o u g h  i t  i s  
s y n t h e s i z e d  b y  t h e  e n t e r o c y t e s  o f  t h e  s m a l l  i n t e s t i n e  
d u r i n g  f a t  a b s o r b t i o n  a n d  i s  t h e r e a f t e r  i n c o r p o r a t e d  o n t o  
t h e  s u r f a c e  o f  n a s c e n t  c h y l o m i c r o n s  t h a t  a r e  t h e n  s e c r e t e d  
i n t o  l y m p h  I t  i s  a n  a c i d i c  p o l y p e p t i d e  o f  m o l e c u l a r  
w e i g h t  4 6 , 0 0 0  d a l t o n s  ( W e i n b e r g  a n d  S c a n u ,  1 9 8 3 )  I t s
- 1 6 -
c a r b o h y d r a t e  c o n t e n t  i s  6% b y  w e i g h t
A variant form of apoA-lV has been described following a
t w o - s t e p  e l e c t r o p h o r e t i c  p r o c e d u r e  w i t h  h u m a n  p l a s m a
( U t e r m a n n  e t  a l . ,  1 9 8 2 )  T h e  m u t a n t  p r o t e i n ,  d e s i g n a t e d
apoA-IV.. . , with a more alkaline pi than the normalr Marburg
f o r m ,  w a s  d e t e c t e d  m  a n o r m a l  i n d i v i d u a l  A p o A - l V  i s  o f  
a s i m i l a r  s e c o n d a r y  s t r u c t u r e  t o  a p o A - 1  a n d  i s  a l s o  
g e n e t i c a l l y  l i n k e d  ( o n  c h r o m o s o m e  1 1 )  ( B r e s l o w ,  1 9 8 5 ) .
ApoB
Apolipoprotein B is the major protein of low density 
lipoprotein, but is also found m  chylomicrons and VLDL 
(Herbert et al, 1 9 7 8 )  Its concentration in plasma is 
0 7 - 1  0 mg/ml ApoB is essential for secretion into 
plasma of triglyceride-rich lipoproteins, as evidenced by 
the fact that m  patients with abetallpoprotemaemia, no 
triglyceride is secreted into the circulation, although it 
is synthesised excessively within the cell (Herbert et 
al, 1 9 8 2 )
A p o p r o t e i n  B i s  a g l y c o p r o t e i n ,  w h i c h  o c c u r s  m  t w o  f o r m s  
A p o B - 1 0 0  h a s  a m o l e c u l a r  w e i g h t  o f  5 0 0 , 0 0 0  d a l t o n s  a n d  
i s  s y n t h e s i s e d  i n  t h e  l i v e r ,  w h e r e a s  B - 4 8 ,  w h i c h  h a s  a b o u t  
h a l f  t h e  m o l e c u l a r  w e i g h t  o f  B - 1 0 0  i s  p r o d u c e d  i n  t h e  
s m a l l  i n t e s t i n e  a n d  f o u n d  on  c h y l o m i c r o n s  ( K a n e  e t  a l ,  
1 9 8 0 )  O t h e r  s p e c i e s  o f  a p o B  f o u n d  i n  L D L  a r e  a p o B - 7 4  a n d  
a p o B - 2 6  T h e  b i o c h e m i c a l  c h a r a c t e r i s a t i o n  o f  a p o p r o t e i n  B 
h a s  p r o v e d  d i f f i c u l t  b e c a u s e ,  l i k e  a m e m b r a n e  p r o t e i n ,  i t
- 1 7 -
i s  v e r y  i n s o l u b l e  m  a q u e o u s  b u f f e r s  a n d  i t  i s  a l s o  v e r y  
s u s c e p t i b l e  t o  o x i d a t i o n  a f t e r  d e l i p i d a t i o n  T h i s  l e d  t o  
t h e  a p p l i c a t i o n  o f  t h e  m o n o c l o n a l  a n t i b o d y  t e c h n i q u e  t o  
c h a r a c t e r i s e  t h e  a p o p r o t e i n  i m m u n o c h e m i c a l l y  a n d  
c o n s e q u e n t l y  m o r e  i n f o r m a t i o n  o n  t h e  s t r u c t u r e  o f  a p o B  h a s  
b e e n  d e r i v e d  u s i n g  t h i s  m e t h o d  t h a n  f o r  a n y  o t h e r  
a p o l i p o p r o t e m  A p o B  f u n c t i o n s  i n  t h e  d e l i v e r y  o f  
c h o l e s t e r y l  e s t e r - r i c h  l i p o p r o t e i n  p a r t i c l e s  t o  c e l l s ,  a  
s t e p  w h i c h  i s  b r o u g h t  a b o u t  t h r o u g h  i t s  r e c o g n i t i o n  o f  a  
m e m b r a n e - b o u n d  r e c e p t o r  o n  t h e  c e l l  s u r f a c e  ( G o l d s t e i n  a n d  
B r o w n ,  1 9 8 3 )  A p o l i p o p r o t e m  B - 1 0 0  h a s  r e c e n t l y  b e e n  
s e q u e n c e d  a n d  e x a m i n e d  b y  K n o t t  e t  a l , ,  ( 1 9 8 6 )  T h e  m a t u r e  
p r o t e i n  h a s  4 , 536 a m i n o  a c i d s  a n d  a c a l c u l a t e d  m o l e c u l a r  ~ 
w e i g h t  o f  5 1 4 , 0 0 0  d a l t o n s  I n  v i t r o  i t  i s  s p e c i f i c a l l y  
c l e a v e d  b y  t h r o m b i n  a n d  K a l l k n e n  a t  t w o  s i t e s ,  r e s u l t i n g  
m  3 p e p t i d e s  T 2 ,  T 3  a n d  T 4 ,  ( C a r d i n  e t  a l ,  1 9 8 4 )
A p o B - 1 0 0  h a s  e x t e n s i v e  a l p h a  a n d  b e t a  s t r u c t u r e  w h i c h  
r e n d e r s  i t  c a p a b l e  o f  i n t e r a c t i n g  w i t h  l i p i d  25  c y s t e i n e  
r e s i d u e s  a r e  f o u n d  o n  t h e  p r o t e i n ,  1 5  o f  t h o s e  i n  t h e  
a m i n o - t e r m m a l  T 4  r e g i o n  a n d  1 2  o f  t h o s e  i n '  t h e  f i r s t  5 0 0  
a m m o  a c i d s  6 o u t  o f  e v e r y  7 c y s t e m e  r e s i d u e s  a r e  
i n v o l v e d  m  i n t r a m o l e c u l a r  d i s u l p h i d e  l i n k a g e  T h e  T 4  
s e g m e n t  i s  h i g h l y  c r o s s - l i n k e d  w i t h i n  i t s e l f  a n d  m o r e  
g l o b u l a r  m  s t r u c t u r e  t h a n  t h e  r e s t  o f  t h e  m o l e c u l e  T h e  
c y s t e i n e - r i c h  d o m a i n  ma y  b e  n e c e s s a r y  f o r  t r a n s p o r t  o f  t h e  
n a s c e n t  m o l e c u l e  f r o m  e n d o p l a s m i c  r e t i c u l u m  t o  t h e  G o l g i  
a p p a r a t u s
Using restriction fragments of a p o B - 1 0 0  cDna which were
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s u b - c l o n e d ,  m o n o c l o n a l  a n t i b o d i e s  b i n d i n g  t o  a p o B - 1 0 0  
f u s i o n  p r o t e i n s  w e r e  s t u d i e d ,  e n a b l i n g  t h e  a u t h o r s  t o  
c o n s t r u c t  a n  e p i t o p e  map on  t h e  p r o t e i n  s e q u e n c e  
A n t i b o d i e s  1 D 1 ,  2 D 8 ,  4 G 3 ,  3 F 5 ,  3 A 1 0  a n d  5 E 1 1  o f  M a r c e l  e t  
a l , ( 1 9 8 2 )  a n d  a n t i b o d y  B 4 7  o f  Y o u n g  e t  a l . ,  ( 1 9 8 6 )  b i n d  
n a t i v e  L D L  A n t i b o d i e s  2 , 7 , 1 5 , 1 6 , 2 0  a n d  2 2  w e r e  r a i s e d  
a g a i n s t  a p o B - 1 0 0  f r a g m e n t s  a n d  d o  n o t  r e c o g n i s e  w h o l e  LDL  
S e v e n  f u s i o n  p r o t e i n s  w e r e  g e n e r a t e d ,  e n c o m p a s s i n g  
r e s i d u e s  2 , 4 8 8 - 4 , 5 2 5  A n t i b o d i e s  4G3  a n d  3 F 5 ,  w h i c h  
i n h i b i t  L DL  b i n d i n g  t o  t h e  L D L  r e c e p t o r ,  b i n d  a f u s i o n  
p r o t e i n  c o n t a i n i n g  r e s i d u e s  3 , 0 2 9 - 3 , 1 3 2  A n t i b o d y  B 4 7 ,  
w h i c h  a l s o  i n h i b i t s  L D L  r e c e p t o r  b i n d i n g ,  s t r o n g l y  b i n d s  
t h e  f u s i o n  p r o t e i n  c o n t a i n i n g  r e s i d u e s  3 , 3 5 0 - 3 , 3 0 6  T h u s  
t h e  r e g i o n  o f  t h e  p r o t e i n  n e a r  t h e  T 3 / T 2  j u n c t i o n  ( r e s i d u e  
3 2 4 9 )  ma y  b e  i n v o l v e d  m  L D L - r e c e p t o r  b i n d i n g  Two  
s e q u e n c e s  n e a r  t h i s  j u n c t i o n ,  3 , 1 4 7 - 3 , 1 5 7  a n d  3 , 3 5 9 - 3 , 3 6 7 ,  
c o n t a i n  b a s i c  a m i n o  a c i d s  a n d  t h e  s e c o n d  o f  t h e  t w o  i s  
s i m i l a r  t o  t h e  r e c e p t o r - b i n d i n g  d o m a i n  o f  a p o l i p o p r o t e m  
E T h e  c y s t e i n e  r e s i d u e s  a t  p o s i t i o n s  3 , 1 6 7  a n d  3 , 2 9 7  a r e  
c r o s s - l i n k e d  s o  t h a t  t h e  e p i t o p e s  o f  t h e  r e c e p t o r - b l o c k m g  
a n t i b o d i e s ,  w h i c h  a r e  a s  f a r  a s  2 1 8  a m m o  a c i d s  a p a r t  m  
p r i m a r y  s t r u c t u r e ,  m a y  b e  v e r y  c l o s e  i n  t e r t i a r y  
s t r u c t u r e
Y a n g  e t  a L ,  ( 1 9 8 6 ) ,  a l s o  s e q u e n c e d  a p o B - 1 0 0  a n d  f o u n d  t h a t  
a s y n t h e t i c  f r a g m e n t  c o n t a i n i n g  r e s i d u e s  3 , 3 4 5 - 3 , 3 8 1  c o u l d  
s u p p r e s s  H MG C0 1 7  r e d u c t a s e  a c t i v i t y  i n  c u l t u r e d  h u m a n  
f i b r o b l a s t s  T h i s  s e q u e n c e  c o n t a i n s  o n e  o f  t h e  t w o  b a s i c  
r e g i o n s  d e s c r i b e d  b y  K n o t t  e t  a l ,  ( 1 9 8 6 )  ( r e s i d u e s
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3 , 3 5 9 - 3 , 3 6 7 )  a n d  i t  i s  t h e  o n e  w h i c h  i s  s i m i l a r  t o  t h e  
r e c e p t o r - b i n d i n g  d o m a i n  o f  a p o E  T h e  s e q u e n c e  i s  
( A r g - L e u - T h r - A r g - L y s - A r g - G l y - L e u - L y s )
C-apoproteins
T h r e e  d i s t i n c t  p o l y p e p t i d e s  a r e  p r e s e n t  i n  
t r i g l y c e r i d e - r i c h  l i p o p r o t e i n s ,  a n d  m  H D L , a n d  h a v e  a n  
i m p o r t a n t  r o l e  i n  l i p o p r o t e i n  m e t a b o l i s m  A p o C - 1  
c o n s t i t u t e s  10% o f  V L D L  p r o t e i n '  a n d  2% o f  HDL p r o t e i n  
( B r e s l o w ,  1 9 8 5 )  I t  h a s  a  m o l e c u l a r  w e i g h t  o f  6 , 3 0 0  
d a l t o n s  a n d  p l a s m a  c o n c e n t r a t i o n  o f  b e t w e e n  0 0 4 - 0  06  
m g / m l  I t  h a s  b e e n  r e p o r t e d  t o  a c t i v a t e  L C AT  ( S o u t a r  e t  
a l », 1 9 7 5 ) ,  t h o u g h  n o t  a s  e f f i c i e n t l y  a s  a p o A - 1 .
A p o C - 1 1  c o n s t i t u t e s  10% o f  V L D L  p r o t e i n  a n d  1% o f  HDL  
p r o t e i n  I t s  p l a s m a  c o n c e n t r a t i o n  i s  m  t h e  r a n g e  o f  
0 0 3 - 0  0 5  m g / m l  A p o C - 1 1  d i s p l a y s  c o - f a c t o r  a c t i v i t y  f o r  
l i p o p r o t e i n  l i p a s e  ( L a  R o s a  e t  a L , 1 9 7 0 ) ,  t h e  
p h y s i o l o g i c a l  i m p o r t a n c e  o f  w h i c h  i s  d e m o n s t r a t e d  i n  
p a t i e n t s  w i t h  i n h e r i t e d  a p o C - 1 1  d e f i c i e n c y  T h e i r  
c l i n i c a l  s y m p t o m s  a r e  s i m i l a r  t o  t h o s e  p r o d u c e d  b y  
l i p o p r o t e i n  l i p a s e  d e f i c i e n c y  ( N i k k i l a ,  1 9 8 3 - ' )
A p o l y m o r p h i c  f o r m  o f  a p o C - 1 1  h a s  b e e n  d e s c r i b e d  b y  H a v e l  
e t  a l v  ( 1 9 7 9 )  The v a r i a n t  i s  o n e  c h a r g e  u n i t  m o r e  a c i d i c  
d u e  t o  a G i n  f o r  L y s  s u b s t i t u t i o n
A p o C - 1 11  c o m p r i s e s  a b o u t  30% o f  V L D L  p r o t e i n  a n d  2% o f  HDL  
p r o t e i n  I t s  m o l e c u l a r  w e i g h t  i s  8 , 8 0 0  d a l t o n s  a n d  i t s  
c o n c e n t r a t i o n  i n  p l a s m a  i s  m  t h e  r a n g e  o f  0 1 2 - 0  14
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m g / m l  A p o C - 1 1 1  c a n  b e  r e s o l v e d  b y  i s o e l e c t r i c  f o c u s s i n g  
i n t o  t h r e e  f o r m s ,  d e s i g n a t e d  A p o C - 1 1 1 - 0 ,  C - l l l - l  a n d  
C - l l l - 2  r e s p e c t i v e l y ,  w h i c h  c o n t a i n  e i t h e r  0 , 1  o r  2 
m o l e c u l e s  o f  s i a l i c  a c i d  ( B r e w e r  e t  a l ,  1 9 7 4 )
T h e  p h y s i o l o g i c a l  r o l e  o f  a p o c - 1 1 1  may  l i e  i n  t h e  
r e g u l a t i o n  o f  t h e  m e t a b o l i s m  o f  t r l g l y c e r i d e - r i c h  
l i p o p r o t e i n s ,  b e c a u s e  i t  h a s  b e e n  s h o w n  i n  v i t r o  t o  
i n h i b i t  l i p o p r o t e i n  l i p a s e  a c t i v i t y  ( B r o w n  e t  a l «, 1 9 7 2 ,  
K r a u s s  e t  a l . ,  1 9 7 3 )
ApoD
ApoD, formerly known as "thm-line polypeptide" i^s found 
in HDL^ and has a molecular weight of 2 2 , 1 0 0  dalton, 18% 
of which is made up carbohydrate (McConathy and Alavpovic, 
1 9 7 6 )  This makes it the most glycosylated of the 
apolipoproteins
A p o E
A p o E  i s  f o u n d  on  V L D L ,  w h e r e  i t  c o m p r i s e s  a b o u t  1 0 - 2 0 %  o f  
V L D L  p r o t e i n  a n d  o n  HDL ( 1 - 2 %  o f  HDL p r o t e i n ) ,  w h e r e  i t  
c o m p r i s e s  m o s t  o f  t h e  p r o t e i n  c o m p o n e n t  o f  a  p a r t i c u l a r  
s u b - f r a c t i o n  o f  H D L ,  k n o w n  a s  H D L c T h i s  f r a c t i o n ,  a t  
l e a s t  m  d o g s ,  i s  i n d u c e d  b y  c h o l e s t e r o l  f e e d i n g ,  ( M a h l e y  
e t  a l . ,  1 9 7 5 )  I t  h a s  a m o l e c u l a r  w e i g h t  o f  3 6 , 0 0 0  d a l t o n s  
a n d  a p l a s m a  c o n c e n t r a t i o n  r a n g e  o f  0 0 2 5 - 0  0 5 0  m g / m l  
T h i s  a p o p r o t e i n  h a s  g e n e r a t e d  g r e a t  i n t e r e s t  b e c a u s e  i t  i s  
o n e  o f  t w o  a p o l i p o p r o t e m s  ( a p o B - 1 0 0  b e i n g  t h e  o t h e r ) ,  
w h i c h  i n t e r a c t s  w i t h  c e l l u l a r  l i p o p r o t e i n  r e c e p t o r s  
( B e r s o t  e t  a l ,, 1 9 7 6 )  H D L C w a s  s h o w n  t o  b i n d  b o t h  L D L  
r e c e p t o r s  a n d  o t h e r  d i s t i n c t ,  a p o E - s p e c i f i c  r e c e p t o r s  o n  
h e p a t i c  m e m b r a n e s  ( H u i  e t  a l », 1 9 8 1 )
A mutant form of apoprotein E has been associated with 
type 1 1 1  hyperlipoproteinaemia (Utermann et aL, 1 9 7 5 ,  
Schneider et al,, 1 9 8 1 )  Since then it has been shown that 
human apoE occurs m  three major forms, which can be 
separated on isoelectric focussing gels (Weisgraber et al.,
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1 9 8 1 ,  1 9 8 2 )  T h e s e  l s o f o r m s  a r e  t h e  r e s u l t  o f  t h e  
p r e s e n c e  o f  m u l t i p l e  a l l e l e s  o f  a s i n g l e  g e n e  ( Z a n n i s  a n d  
B r e s l o w ,  1 9 8 1 )  a n d  a r e  d e s i g n a t e d  E 2 ,  E3  a n d  E4  R a i l  e t  
a l . / (  1 9 8 2 )  h a v e  s h o w n  t h a t  E2  d i f f e r s  f r o m  t h e  p a r e n t  E2  
i s o f o r m  b y  a  A r g  1 5 8  -  C y s  s u b s t i t u t i o n  w h i l e  E4  d i f f e r s  
f r o m  E3  b y  a C y s  1 2 2  -  A r g  s u b s t i t u t i o n  a t  r e s i d u e  1 1 2  
T h e  d i s c o v e r y  o f  t h e s e  i s o f o r m s  p a v e d  t h e  w a y  t o  
u n d e r s t a n d i n g  t h e  u n d e r l y i n g  d e f e c t  m  f a m i l i a l  
d y s b e t a l i p o p r o t e m a e m i a , a d i s o r d e r  m  w h i c h  c h y l o m i c r o n  
r e m n a n t s  a c c u m u l a t e  m  p l a s m a ,  b e c a u s e  i t  wa s  f o u n d  t h a t ,  
w h i l e  a p o E / p h o s p h o l l p i d  c o m p l e x e s  c o n t a i n i n g  E3  o r  E4  
c o u l d  s u c c e s s f u l l y  b i n d  t o  l o w  d e n s i t y  l i p o p r o t e i n  
r e c e p t o r s ,  c o m p l e x e s  c o n t a i n i n g  t h e  m u t a n t  f o r m ,  E 2 , c o u l d  
n o t ,  a n d  p a t i e n t s  w i t h  f a m i l i a l  d y s b e t a l i p o p r o t e m a e m i a  
a r e  a l m o s t  i n v a r i a b l y  h o m o z y g o u s  f o r  t h e  E2  i s o f o r m  
O t h e r  m u t a n t  o r  v a r i a n t  f o r m s  o f  a p o l l p o p r o t e i n  E h a v e  
s i n c e  b e e n  f o u n d  b y  s e v e r a l  a u t h o r s  a n d  h a v e  b e e n  
d e s c r i b e d  b y  D a r g e l ,  ( 1 9 8 5 )
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1 3 A b n o r m a l i t i e s  m  l i p i d  t r a n s p o r t '
A v a r i e t y  o f  a p o p r o t e i n s ,  e n z y m e s  a n d  r e c e p t o r s  a r e  k n o w n  
t o  b e  r e q u i r e d  f o r  l i p o p r o t e i n  m e t a b o l i s m  M u t a t i o n s  m  
t h e  g e n e s  e n c o d i n g  t h e s e  p r o t e i n s  g i v e  r i s e  t o  p o l y m o r p h i c  
f o r m s ,  s o m e  o f  w h i c h  h a v e  n o  g r o s s l y  a p p a r e n t  c l i n i c a l  
c o n s e q u e n c e s ,  a l t h o u g h  t h e y  m a y  b e  i n s i d i o u s l y  
l i f e - t h r e a t e n i n g ,  a n d  s o m e  w h i c h  g i v e  r i s e ,  t h r o u g h  a n  
a b e r r a n t  p r o t e i n ,  t o  e i t h e r  a r e d u c t i o n  o r  a n  e l e v a t i o n  m  
p l a s m a  l e v e l s  o f  o n e  o r  m o r e  t h a n  o n e  o f  t h e  d i f f e r e n t  
1 l p o p r o t e i n  c l a s s e s  T h e s e  a b n o r m a l i t i e s  a r e  d e s c r i b e d  
a n d  d i v i d e d  u p  i n t o  t h o s e  c a u s e d  b y  i ) m u t a n t  r e c e p t o r s ,  
n ) e n z y m e  d e f i c i e n c i e s  a n d  i n )  a p o l  l p o p r o t e i n  
a b n o r m a l i t i e s
1 3  1 F a m i l i a l  H y p e r c h o l e s t e r o l a e m i a
F a m i l i a l  h y p e r c h o l e s t e r o l a e m i a  ( F H )  i s  a d i s o r d e r  
c h a r a c t e r i s e d  b y  p r e m a t u r e  o n s e t  o f  a t h e r o s c l e r o s i s  
X a n t h o m a s  a r e  a l s o  p r e v a l e n t  i n  a f f l i c t e d  i n d i v i d u a l s  I n  
h e t e r o z y g o t e s ,  t h e  o n s e t  o f  a t h e r o s c l e r o s i s  a n d  c o r o n a r y  
h e a r t  d i s e a s e  i s  l a t e r  t h a n  f o r  h o m o z y g o t e s  
I t  h a s  b e e n  k n o w n  s i n c e  t h e  l a t e  1 9 3 0 ' s  t h a t  f a m i l i a l  
h y p e r c h o l e s t e r o l a e m i a  i s  i n h e r i t e d  a s  a n  a u t o s o m a l  
d o m i n a n t  t r a i t  ( M u l l e r ,  1 9 3 8  a n d  1 9 3 9 ,  T h a n n h a u s e r  e t  a l . ,  
1 9 3 8 )  I n  m o s t  c o u n t r i e s  1 i n  5 0 0  p e r s o n s  c a r r i e s  a c o p y  
o f  t h e  m u t a n t  g e n e  K h a c h a d u r l a n , ( 1 9 6 4 ) ,  s h o w e d  
c o n c l u s i v e l y  t h e  g e n e t i c  b a s i s  o f  t h e  d i s o r d e r  a n d
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d i s t i n g u i s h e d  h o m o z y g o t e s  a n d  h e t e r o z y g o t e s  c l i n i c a l l y  
W h i l e  i t  w a s  k n o w n  t h a t  FH i n d i v i d u a l s  h a d  e l e v a t e d  s e r u m  
l e v e l s  o f  c h o l e s t e r o l  ( 3 5 0 - 5 0 0  m g / 1 0 0  m l  i n  h e t e r o z y g o t e s ,  
6 0 0 - 1 0 0 0  m g / 1 0 0  m l  m  h o m o z y g o t e s )  G o f m a n  e t  a l . ,  ( 1 9 5 4 ) ,  
s h o w e d  b y  u l t r a c e n t n f u g a l  a n a l y s i s  t h a t  t h e  i n c r e a s e  i n  
c h o l e s t e r o l  r e s u l t e d  f r o m  e l e v a t e d  l o w  d e n s i t y  l i p o p r o t e i n  
l e v e l s ,  a n d  o n l y  L D L ,  o f  t h e  l i p o p r o t e i n s ,  w a s  r a i s e d  
T h e  r e a s o n  f o r  t h e  e l e v a t e d  L D L  l e v e l s  i n  FH i n d i v i d u a l s  
w a s  s h o w n  t o  b e  d u e  t o  d e l a y e d  c l e a r a n c e  a s  o p p o s e d  t o  
i n c r e a s e d  s y n t h e s i s  b y  L a n g e r  e t  a l ,  ( 1 9 7 2 )  H o w e v e r ,  
G o l d s t e i n  a n d  B r o w n  ( 1 9 7 3 )  s u b s e q u e n t l y  d e m o n s t r a t e d  t h a t  
t h e  r a t e  o f  c h o l e s t e r o l  s y n t h e s i s  m  c u l t u r e d  h u m a n  
' f i b r o b l a s t s  i s  c o n t r o l l e d  b y  t h e  c o n t e n t  o f  l o w  d e n s i t y  
l i p o p r o t e i n  i n  t h e  c u l t u r e  m e d i u m  a n d  t h a t  t h i s  c o n t r o l  
c o m e s  a b o u t  t h r o u g h  L D L  s u p p r e s s i n g  c h o l e s t e r o l  s y n t h e s i s  
b y  i n h i b i t i n g  H M G - C o A  r e d u c t a s e  G o l d s t e i n  a n d  B r o w n ,  
t h e n  f o u n d  t h a t  m  o r d e r  t o  p r o d u c e  t h i s  i n h i b i t i o n ,  LDL  
m u s t  b i n d  t o  a h i g h  a f f i n i t y  r e c e p t o r  o n  t h e  c e l l  
m e m b r a n e  I n  t h e  f i b r o b l a s t s  o f  i n d i v i d u a l s  w i t h  t h e  
h o m o z y g o u s  f o r m  o f  f a m i l i a l  h y p e r c h o l e s t e r o l a e m i a ,  t h i s  
h i g h  a f f i n i t y  b i n d i n g  i s  d e f i c i e n t ,  ( B r o w n  a n d  G o l d s t e i n ,  
1 9 7 4 )  As a c o n s e q u e n c e ,  t h e r e  w a s  n o  i n h i b i t i o n  o f  
H M G - C o A  r e d u c t a s e  a n d  c h o l e s t e r o l  i s  o v e r p r o d u c e d .  T h e  
d e f e c t  m  t h e  LDL  b i n d i n g  p r o c e s s ,  c a u s e d  b y  a m u t a t i o n  i n  
t h e  g e n e  c o d i n g  f o r  t h e  L D L - s p e c i f i c  m e m b r a n e  r e c e p t o r ,  
w a s  t h u s  s h o w n  t o  r e p r e s e n t  t h e  p r i m a r y  g e n e t i c  
a b n o r m a l i t y  i n  f a m i l i a l  h y p e r c h o l e s t e r o l a e m i a  T h e  L D L  i n  
t h e s e  i n d i v i d u a l s  i s  d e g r a d e d  m o r e  s l o w l y  a n d  b y  l e s s
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efficient receptor independent pathways In addition, a 
net increase m  LDL synthesis will come about due to the 
fact that LDL molecules, unable to be taken up by hepatic 
receptors, will be converted to LDL (In normal subjects 
some IDL particles are cleared from the circulation by 
liver uptake)
The structure of the bovine LDL receptor has been studied 
with the help of its purification from bovine adrenal 
cortex (Schneider et al, 1 9 8 2 )  and from the prediction of 
its amino acid sequence following the cloning of human LDL 
receptor cDNA (Yamamoto et al, 1 9 8 4 )  The receptor is 
synthesised as a precursor of molecular weight 120,000 
daltons on SDS gels (Tolleshaug et aL, 1 9 8 2 )  It can be 
divided into five domains (Yamamoto et al., 1 9 8 4 )  The 
NH^-terminal domain contains 3 2 2  amino acids including 4 7  
cysteine residues, many of which are in disulphide 
linkage, making the molecule tightly folded and extremely 
stable The domain contains 8 repeating sequences, each 
with 4 0  amino acids, and at the COOH terminal end of seven 
of the eight repeat sequences there is a variant of the 
sequence Asp-Cys-X-Asp-Gly-Ser-Asp-Glu As the 
receptor-binding site on apolipoproteins B and E contain 
positively-charged a m m o  acids it has been speculated that 
these negatively charged residues m  the cysteine-rich 
domain of the LDL receptor interact with the apoprotein 
ligands
T h e  s e c o n d  d o m a i n  o f  t h e  m o l e c u l e  c o n t a i n s  a p p r o x i m a t e l y  
3 5 0  a m m o  a c i d  r e s i d u e s  T h i s  r e g i o n  s h o w s  h o m o l o g y  t o
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t h e  a m i n o  a c i d  s e q u e n c e  o f  t h e  p o l y p r o t e m  p r e c u r s o r  f o r  
m o u s e  e p i d e r m a l  g r o w t h  f a c t o r  T h e  t h i r d  d o m a i n  c o n t a i n s  
4 8  r e s i d u e s  o f  w h i c h  1 8  a r e  s e r i n e  o r  t h r e o n i n e  w h i c h  h a v e  
c a r b o h y d r a t e  c h a i n s  a t t a c h e d  m  O - g l y c o s i d i c  l i n k a g e  T h e  
f o u r t h  r e g i o n ,  c o n t a i n i n g  2 2  n o n - c h a r g e d  a m i n o  a c i d s ,  
s p a n s  t h e  m e m b r a n e  a n d  t h e  f i f t h ,  c o n s i s t i n g  o f  5 0  a m i n o  
a c i d s  a t  t h e  C O O H - t e r m m a l  e n d  o f  t h e  r e c e p t o r ,  p r o j e c t s  
i n t o  t h e  c y t o p l a s m  T h i s  r e g i o n  m a y  f u n c t i o n  i n  b i n d i n g  
t o  c l a t h n n ,  t h u s  a l l o w i n g  t h e  r e c e p t o r  t o  b e  i n c o r p o r a t e d  
i n t o  c l a t h r m - c o a t e d  p i t s  f o r  i n t e r n a l i s a t i o n  
S e v e r a l  m u t a t i o n s  m  t h e  g e n e  e n c o d i n g  t h e  LDL  r e c e p t o r ,  
h a v e  b e e n  d i s t i n g u i s h e d ,  ( T o l l e s h a u g  e t  a l , 1 9 8 3 ,
Goldstein and Brown, 1 9 8 3 )  All are ultimately manifested 
m  the clinical symptoms of homozygous and heterozygous 
familial hypercholesterolaemia The mutations can broadly 
be divided into four classes The first represents null 
alleles, in which the gene fails to specify synthesis of 
any detectable receptor protein In the second group 
synthesised receptors are not transported to the Golgi 
apparatus and consequently do not undergo carbohydrate 
processing (Tolleshaug et al , 1 9 8 2 )  As a result the 
receptors do not appear on the cell surface Class 3 
mutations encode receptors that are synthesised and 
processed normally but they fail to bind LDL The 
receptors of the fourth class of mutation bind LDL, but 
cannot internalize it, probably because the receptor fails 
to cluster in coated pits
Y a m a m o t o  e t  a l . , (  1 9 8 4 )  h a v e  s u g g e s t e d  t h a t  g e n e t i c
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mutations result from unequal crossing over with 
homologous recombination between DNA sequences encoding 
the multiple repeats in the cysteine rich Nf^-terminal 
domain or in the centre of the protein Many of the 
mutant forms of the receptor are of abnormal length.
T h o s e  w h i c h  e n c o d e  p r o t e i n s  o f  n o r m a l  l e n g t h  w h i c h  f a i l  t o  
b i n d  L D L  ma y  h a v e  a m u t a t i o n  i n  o n e  o f  t h e  c o d o n s  
s p e c i f y i n g  a c y s t e i n e  r e s i d u e  A f r e e  s u l p h y d r y l  g r o u p  i s  
t h u s  l e f t  f r e e  m  t h i s  r e g i o n ,  w h i c h  c o u l d  d i s r u p t  t h e  w a y  
t h e  m o l e c u l e  i s  n o r m a l l y  m e a n t  t o  b e  f o l d e d  
T h e  c l i n i c a l  c o n s e q u e n c e  o f  t h e  e l e v a t e d  L D L  m  
i n d i v i d u a l s  w i t h  f a m i l i a l  h y p e r c h o l e s t e r o l a e m i a  i s  
p r e m a t u r e  a t h e r o s c l e r o s i s ,  w h i c h  c o m e s  a b o u t  t h r o u g h  
u p t a k e  o f  L D L  b y  s c a v e n g e r  c e l l s  o r  m a c r o p h a g e s  o f  t h e  
r e t i c u l o e n d o t h e l i a l  s y s t e m ,  ( G o l d s t e i n  a n d  B r o w n ,  1 9 7 7 )  
T h e s e  c e l l s ,  o v e r l o a d e d  w i t h  c h o l e s t e r y l  e s t e r s  a r e  
c o n v e r t e d  t o  " f o a m  c e l l s ” , t h e  c l a s s i c  c o m p o n e n t s  o f  
a t h e r o s c l e r o t i c  p l a q u e s
1 3  2 A p o l l p o p r o t e i n  a b n o r m a l 1 t l e s
1 3  2 1 A p o l i p o p r o t e m  A - l  d e f i c i e n c i e s
U t e r m a n n  ( 1 9 8 4 )  h a s  c o i n e d  t h e  t e r m  a p o l i p o p r o t e m  
o p a t h i e s  f o r  d i s o r d e r s  i n  w h i c h  a d e l e t e r i o u s  e f f e c t  o n  
l i p i d  m e t a b o l i s m  h a s  a s  i t s  u n d e r l y i n g  c a u s e  a s t r u c t u r a l  
d e f e c t  m  a l i p o p r o t e i n  a p o p r o t e i n  A p o l i p o p r o t e m  
d e f e c t s  h a v e  b e e n  r e v i e w e d  b y  D a r g e l ,  ( 1 9 8 5 )
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An a p o l i p o p r o t e m  A - l  a b s e n c e ,  t o g e t h e r  w i t h  a n  a b s e n c e  o f  
a p o C - 1 1 1  h a s  b e e n  d e s c r i b e d  i n  t w o  s i s t e r s  w i t h  p r e c o c i o u s  
c o r o n a r y  a r t e r y  d i s e a s e  b y  N o r u m  e t  c a l , (  1 9 8 2 )  A s e c o n d  
d i s o r d e r  m  w h i c h  A p o A - 1  a n d  C - l l l  a r e  a b s e n t  ( k n o w n  a s  
A p o A - 1 , C - l l 1 d e f i c i e n c y  v a r i a n t  1 1 ,  a n d  p r e v i o u s l y  t e r m e d  
a p o A - 1  a b s e n c e )  h a s  b e e n  d e s c r i b e d  b y  S c h a e f e r  e t  a l . ,  
( 1 9 8 5 )  I n  b o t h  c a s e s ,  HDL i s  s e v e r e l y  d e f i c i e n t  a n d  
c l i n i c a l  s y m p t o m s  i n c l u d e  c o r n e a l  c l o u d i n g  a n d  p r e c o c i o u s  
a t h e r o s c l e r o s i s  O n e  a p p a r e n t  d i f f e r e n c e  b e t w e e n  v a r i a n t s  
1 a n d  11  i s  t h e  p r e s e n c e  o f  s k i n  x a n t h o m a s  i n  v a r i a n t  1 
W h i l e  A p o A - 1 , C - l l l  d e f i c i e n c y  i s  a s s o c i a t e d  w i t h  
p r e m a t u r e  c o r o n a r y  a r t e r y  d i s e a s e ,  T a n g i e r  d i s e a s e ,  o r  t h e  
p r e s e n c e  o f  t h e  AP o A “ l ^ 1 i a n o  v a r i a n t ,  a r e  n o t  T a n g i e r  
d i s e a s e  i s  c h a r a c t e r i s e d  b y  s t o r a g e  o f  c h o l e s t e r y l  e s t e r s  
m  c e r t a i n  c e l l s  s u c h  a s  m a c r o p h a g e s  a n d  S c h w a n n  c e l l s ,  
( H e r b e r t  e t  a ^ ,  1 9 8 3 )  S p l e n o m e g a l y  a n d  e n l a r g e d  t o n s i l s  
a r e  a l s o  a p p a r e n t .  T h e  a p o A - 1  o f  T a n g i e r  d i s e a s e  i s  
m o s t l y  d i s a s s o c i a t e d  f r o m  HDL a n d  f o u n d  i n  t h e  d > l  2 1  g / m l  
p l a s m a  p r o t e i n  f r a c t i o n  A p o p r o t e i n  A - l  h a d  b e e n  s h o w n  t o  
m i g r a t e  u n d e r  i s o e l e c t r i c  f o c u s s i n g  c o n d i t i o n s  a s  a s e r i e s  
o f  b a n d s  ( Z a n n i s  e t  a l . ,  1 9 8 0 )  i t  t h e r e f o r e  e x i s t s  m  
p l a s m a  i n  m u l t i p l e  i s o f o r m s  T h e  a p o A - 1  o f  T a n g i e r  
d i s e a s e  a l s o  o c c u r s  a s  e l e c t r o p h o r e t i c a l l y  s e p a r a b l e  
i s o f o r m s ,  ( z a n n i s  e t  a_ l ,  1 9 8 2 )  H o w e v e r ,  w h i l e  t h e  
i s o p r o t e m  p a t t e r n s  w e r e  i n d i s t i n g u i s h a b l e  f o r  n e w l y  
s y n t h e s i s e d  a p o A - 1  f r o m  T a n g i e r  c e l l s  a n d  f r o m  n o r m a l  
i n d i v i d u a l s  t h e  r e l a t i v e  d i s t r i b u t i o n s  o f  t h e  i s o f o r m s  w a s  
a l t e r e d  O n e  i s o p r o t e m  -  i s o p r o t e m  2 ,  ( w h i c h  r e p r e s e n t s
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t h e  p r e c u r s o r  f o r m  o f  a p o A - 1 ,  c a l l e d  p r o A p o A - 1 )  w a s  
r e l a t i v e l y  i n c r e a s e d  c o m p a r e d  t o  n o r m a l ,  s u g g e s t i n g  a 
f a u l t y  c o n v e r s i o n  o f  t h e  p r e c u r s o r  t o  t h e  m a t u r e  
a p o p r o t e i n  ( r e p r e s e n t e d  b y  i s o p r o t e i n  - 4 m  i s o e l e c t r i c  
f o c u s s i n g )  R o s s e n e u  e t  a l ,  ( 1 9 8 4 )  s t u d i e d  t h e  
l i p i d - b i n d m g  p r o p e r t i e s  o f  i s o p r o t e m s  2 a n d  4 o f  T a n g i e r  
a p o A - 1  a n d  f o u n d  t h a t  i s o p r o t e i n  2 s h o w e d  o n l y  a l i m i t e d  
a s s o c i a t i o n  w i t h  l i p i d s  c o m p a r e d  t o  i s o p r o t e m  4 a n d  t o  
i s o p r o t e i n s  2 a n d  4 o f  n o r m a l  a p o A - 1  w i t h  HDL T h e  b a s i s  
f o r  t h e  a l t e r e d  i s o p r o t e m  2 s t r u c t u r e  i n  T a n g i e r  A p o A - 1  
i s  s t i l l  u n c l e a r
1 3 2 2 A p o l i p o p r o t e m  B d e f i c i e n c i e s
A p o B  d e f i c i e n c y  e x i s t s  i n  a t  l e a s t  t h r e e  d i f f e r e n t  f o r m s  
a l l  o f  w h i c h  r e s u l t  f r o m  a n  i n b o r n  e r r o r  o f  m e t a b o l i s m  
a f f e c t i n g  t h e  s y n t h e s i s  o r  s e c r e t i o n  o f  t h i s  p r o t e i n  
T h e  f i r s t  t y p e  -  a b e t a l l p o p r o t e i n a e m i a , i s  a n  a u t o s o m a l  
r e c e s s i v e  d i s o r d e r  c h a r a c t e r i s e d  b y  t h e  a b s e n c e  o f  
c h y l o m i c r o n s ,  V L D L  o r  L D L  m  t h e  p l a s m a  o f  a f f e c t e d  
i n d i v i d u a l s  ( H e r b e r t  e t  a l ,  1 9 7 8 )  C l i n i c a l  s y m p t o m s  o f  
t h i s  c o n d i t i o n  i n c l u d e  f a t  m a l a b s o r b t i o n , p r o g r e s s i v e  
a t a x i c  n e u r o p a t h y  a n d  a c a n t h o c y t e s  ( s p i k y  r e d  b l o o d  
c e l l s )
H y p o b e t a l i p o p r o t e i n a e m i a  i s  v e r y  s i m i l a r  t o  
a b e t a l i p o p r o t e i n a e m i a ,  e x c e p t  t h a t  i n  t h i s  c a s e  t h e  mode  
o f  i n h e r i t a n c e  i s  a u t o s o m a l  d o m i n a n t  H e n c e ,  
h e t e r o z y g o t e s  h a v e  m a r k e d  l i p o p r o t e i n  d e f i c i e n c i e s ,
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w h e r e a s  h e t e r o z y g o t e s  f o r  a b e t a l i p o p r o t e i n a e m i a  a r e  
n o r m a l
N o r m o t r l g l y c e r i d a e m i c  a b e t a l i p o p r o t e i n a e m i a  i s  a  v e r y  r a r e  
d i s o r d e r  w h i c h  o n l y  a f f e c t s  a p o B - 1 0 0 ,  s o  c h y l o m i c r o n s  
( w h i c h  c a r r y  a p o B - 4 8 )  a r e  s y n t h e s i s e d  n o r m a l l y ,  a n d  p l a s m a  
V L D L  o f  t h e s e  i n d i v i d u a l s  c o n t a i n s  B - 4 8  o n l y  F a t  
a b s o r b t i o n  i s  n o r m a l  m  t h e s e  c a s e s
I t  h a d  b e e n  e x p e c t e d  t h a t  L D L  r e c e p t o r - b i n d i n g  a c t i v i t y  
a n d  H M G - C o A  r e d u c t a s e  a c t i v i t y  w o u l d  b e  c o m p l e t e l y  
u n c o n t r o l l e d  m  t h e s e  d i s o r d e r s ,  b e c a u s e  o f  t h e  a b s e n c e  o f  
B - c o n t a i n i n g  l i p o p r o t e i n s  t o  r e p r e s s  r e c e p t o r  s y n t h e s i s  
a n d  i n h i b i t  t h e  e n z y m e  H i g h  r a t e s  o f  c e l l u l a r  
c h o l e s t e r o l  b i o s y n t h e s i s  s h o u l d  r e s u l t  a s  a  c o n s e q u e n c e  
H o w e v e r ,  M y a n t  e t  a ] . ,  ( 1 9 7 8 )  f o u n d  t h a t  t h i s  w a s  n o t  t h e  
c a s e  i n  f a c t ,  c h o l e s t e r o l  m e t a b o l i s m  i s  r e g u l a t e d  a s  i t  
w o u l d  b e  i n  n o r m a l  i n d i v i d u a l s  B l u m  e t  a l , ,  ( 1 9 8 2 )  s h o w e d  
t h a t  a s u b f r a c t i o n  o f  H D L , w h i c h  c o n t a i n e d  a p o E  was
r e l a t i v e l y  i n c r e a s e d  i n  p a t i e n t s  a n d  t h i s  l i p o p r o t e i n
1 2 5
c o u l d  s u c c e s s f u l l y  c o m p e t e  w i t h  I - L D L  f o r  b i n d i n g  t o  
c u l t u r e d  h u m a n  f i b r o b l a s t s  t o  t h e  e x t e n t  t h a t  t h e y  c o u l d  
s u p p r e s s  c h o l e s t e r o l  s y n t h e s i s  a n d  L D L  r e c e p t o r  a c t i v i t y  
T h e  a p o E - n c h  l i p o p r o t e i n s  m  p a t i e n t s  t h u s  f u n c t i o n a l l y  
s u b s t i t u t e  f o r  L D L  m  t h e  r e g u l a t i o n  o f  c h o l e s t e r o l  
m e t a b o l i s m .
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1 3 2 3 Apolipoprotem  E deficiencies
A m u t a n t  f o r m  o f  a p o E  h a s  b e e n  i m p l i c a t e d  i n  f a m i l i a l  
d y s b e t a l i p o p r o t e m a e m i a , a d i s o r d e r  c h a r a c t e r i s e d  
c l i n i c a l l y  b y  p r e m a t u r e  c o r o n a r y  a t h e r o s c l e r o s i s  a n d  
x a n t h o m a s ,  a n d  c l i n i c a l l y ,  b y  i n c r e a s e d  i n t e r m e d i a t e  
d e n s i t y  l i p o p r o t e i n s  m  p l a s m a ,  c a u s i n g  
h y p e r t r l g l y c e r i d a e m i a  a n d  h y p e r c h o l e s t e r o l a e m i a  a n d  b y  
a b n o r m a l  V L D L  ( k n o w n  a s  b e t a - V L D L )  w h i c h  i s  r e l a t i v e l y  
e n r i c h e d  i n  c h o l e s t e r o l ,  ( G o l d s t e i n  & B r o w n ,  1 9 8 3 )  
N o r m a l l y ,  s u c h  p a r t i c l e s  a r e  r a p i d l y  c l e a r e d  b y  t h e  l i v e r  
t h r o u g h  a p o l i p r o t e i n  E - m e d i a t e d  u p t a k e  b y  r e c e p t o r s  o n  
h e p a t i c  c e l l s  P e o p l e  w i t h  f a m i l i a l
d y s b e t a l i p o p r o t e m a e m i a , h o w e v e r ,  a r e  a l m o s t  i n v a r i a b l y
h o m o z y g o u s  f o r  a p a r t i c u l a r  p o l y m o r p h  o f  a p o E ,  ( U t e r m a n n
e t  a l ,  1 9 7 9 )  w h i c h  i s  d i s t i n g u i s h a b l e  b y  i s o e l e c t r i c
f o c u s s i n g  S c h n e i d e r  e t  a l ,  ( 1 9 8 1 ) ,  f o u n d  t h a t  w h e n  t h e
a p o E  f r o m  p a t i e n t s  w a s  i s o l a t e d ,  r e c o m b i n e d  w i t h  l i p i d
c o m p l e x e s  a n d  t e s t e d  f o r  i t s  a b i l i t y  t o  c o m p e t e  w i t h  
1 2 5
I - L D L  f o r  b i n d i n g  t o  L D L  r e c e p t o r s  i t  s h o w e d  r e d u c e d  
b i n d i n g  a c t i v i t i e s  T h e  a b n o r m a l  a p o E  p r o v i d e s  a n  
u n d e r l y i n g  c a u s e  f o r  f a m i l i a l  d y s b e t a l i p o p r o t e m a e m i a  b u t  
t h a t  i s  n o t  a  f u l l  e x p l a n a t i o n ,  b e c a u s e  t h e  i n c i d e n c e  o f  
t h e  d i s o r d e r  (1 1 , 0 0 0 , 0 0 0 ) i s  mu c h  l o w e r  t h a n  t h e  
i n c i d e n c e  o f  t h e  p o l y m o r p h i s m  ( 1 1 0 0 0 }  A l s o  R a i l  e t  a l . ,  
( 1 9 8 3 ) ,  h a v e  d e m o n s t r a t e d  r e c e p t o r  b i n d i n g  d e f e c t s  i n  t h e  
m u t a n t  a p o E  i d e n t i f i e d  f r o m  h o m o z y g o t e s  wh o  a r e  a p p a r e n t l y  
h e a l t h y  O t h e r  f a c t o r s  a r e  c l e a r l y  i n v o l v e d  i n
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p r e c i p i t a t i n g  t h e  o n s e t  o f  t h e  d i s e a s e  i n  i n d i v i d u a l s  who  
a r e  a l r e a d y  g e n e t i c a l l y  p r e d i s p o s e d ,  e g o b e s i t y ,  
d i a b e t e s ,  a g e ,  h y p o t h y r o i d i s m  o r ,  a s  U t e r m a n n  e t  a l ,
( 1 9 7 9 )  a n d  H a z z a r d  e t  a_l ,  ( 1 9 8 1 )  h a v e  s u g g e s t e d ,  t h e  
c o m p l i c a t i o n  o f  a  s e c o n d  h y p e r l i p i d a e m i a ,  s u c h  a s  f a m i l i a l  
c o m b i n e d  h y p e r 1 l p i d a e m i a
O t h e r  a p o E  m u t a n t s  h a v e  b e e n  d i s c o v e r e d ,  s o m e  o f  w h i c h  
d i s p l a y  a b n o r m a l  b i n d i n g  t o  r e c e p t o r s  A p0 E L e i d e n '
H a v e k a s  e t  a l . , ( 1 9 8 4 ) ,  f o r  i n s t a n c e ,  h a s  t h e  s a me  
e l e c t r o p h o r e t i c  m o b i l i t y  a s  a p o E 3  b u t  e x h i b i t s  d e c r e a s e d  
b i n d i n g  t o  h u m a n  f i b r o b l a s t s  I t  a l s o  h a s  n o  c y s t e i n e  
r e s i d u e s
T y p e  V  h y p e r l i p o p r o t e m a e m i a ,  c h a r a c t e r i s e d  b y  i n c r e a s e d  
p l a s m a  c h y l o m i c r o n s  a n d  V L D L ,  h a s  b e e n  a s s o c i a t e d  w i t h  an  
i n c r e a s e d  p r e v a l e n c e  o f  a p o p r o t e i n  E 4 ,  ( G h i s e l l i  e t  a l . ,  
1 9 8 2 )  I n  3 0  t y p e  v i n d i v i d u a l s  t h e  t h r e e  c o m m o n e s t  
i s o f o r m s  w e r e  d i s t r i b u t e d  a s  f o l l o w s  E 2 ,  1 5 % ,  E 3 ,  3 3  3%
a n d  E 4 ,  5 1  7% T h i s  d i f f e r e d  f r o m  t h e  d i s t r i b u t i o n  i n  
n o r m a l  i n d i v i d u a l s  o f  E 2 ,  9 5%,  E 3 ,  7 7  0% a n d  E 4 ,  1 3  5%
T h e  p r e c i s e  m o l e c u l a r  d e f e c t ,  h o w e v e r ,  s t i l l  r e m a i n s  t o  b e  
e l u c i d a t e d ,  p a r t i c u l a r l y  m  v i e w  o f  t h e  f a c t  t h a t  a p o E 4  
d o e s  n o t  d i s p l a y  a n y  r e d u c e d  r e c e p t o r  b i n d i n g  a c t i v i t i e s  
( F o r  a r e v i e w ,  s e e  D a r g e l ,  1 9 8 5 )
1 3  3 En z y m e  d e f e c t s  m  l i p o p r o t e i n  m e t a b o l i s m
A d e f e c t  i n  t h e  e n z y m e  l e c i t h i n  c h o l e s t e r o l  a c y l  
t r a n s f e r a s e  w a s  f i r s t  d e s c r i b e d  b y  N o r u m  a n d  G j o n e ,
( 1 9 6 7 )  L C A T  c a t a l y s e s  t r a n s f e r  o f  f a t t y  a c i d  f r o n
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l e c i t h i n  t o  c h o l e s t e r o l ,  ( G l o m s e t ,  1 9 6 8 )  t h u s  e s t e n f y i n g  
t h e  l a t t e r  a s  i t  i s  t r a n s p o r t e d  on  HDL A p o A - 1  a c t s  a s  a  
c o - f a c t o r  f o r  t h e  e n z y m e  I n  p a t i e n t s ,  c h o l e s t e r y l  e s t e r  
l e v e l s  a r e  d e c r e a s e d  a n d  f r e e  c h o l e s t e r o l  a n d  l e c i t h i n  
c o r r e s p o n d i n g l y  i n c r e a s e d  d u e  t o  t h e  l a c k  o f  e n z y m e  
a c t i v i t y  T h e  s t r u c t u r e s  o f  a l l  t h e  l i p o p r o t e i n  p a r t i c l e s  
a r e  a l t e r e d  a n d  w i t h i n  e a c h  d e n s i t y  g r o u p ,  t h e r e  i s  m o r e  
h e t e r o g e n e i t y  o f  s i z e  a n d  l i p i d  c o m p o s i t i o n  t h a n  t h e  
f r a c t i o n s  o f  c o r r e s p o n d i n g  d e n s i t y  f r o m  n o r m a l  p l a s m a  
H D L s , i n  p a r t i c u l a r  a r e  h e t e r o g e n e o u s  a n d  c o n t a i n  d i s c  
s h a p e d  p a r t i c l e s  c o m p o s e d  o f  c h o l e s t e r o l ,  p h o s p h o l i p i d  a n d  
a p o p r o t e i n s  A - l  a n d  E T h e s e  a r e  t h o u g h t  t o  r e p r e s e n t  
n e w l y - s y n t h e s i s e d  HDL w h i c h  w o u l d  o t h e r w i s e  b e  c o n v e r t e d  
t o  t h e  m a t u r e  f o r m  m  t h e  p r e s e n c e  o f  LCAT  
A n o t h e r  e n z y m e  d e f e c t  l e a d i n g  t o  a b n o r m a l  l i p o p r o t e i n  
m e t a b o l i s m  i s  l i p o p r o t e i n  l i p a s e  d e f i c i e n c y  A f f e c t e d  
i n d i v i d u a l s  h a v e  t h e  t y p e  1 h y p e r l i p o p r o t e m a e m i a  o f  
F r e d r i c k s o n ' s  c l a s s i f i c a t i o n  T r i g l y c e r i d e  r e m o v a l  f r o m  
b l o o d  i s  i m p a i r e d  a n d  c o n s e q u e n t l y  c h y l o m i c r o n s  a c c u m u l a t e  
m a s s i v e l y ,  w i t h  l o w e r e d  l e v e l s  o f  o t h e r  l i p o p r o t e i n  
f r a c t i o n s ,  i n c l u d i n g  HDL  ( F r e d r i c k s o n  e t  a l ,  1 9 7 8 )  T h e  
d i s o r d e r  a p p e a r s  t o  b e  i n h e r i t e d  a s  a n  a u t o s o m a l  
r e c e s s i v e
T h e r e  ma y  b e  s e v e r a l  c a u s e s  o f  t h e  e n z y m e  d e f i c i e n c y ,  
i n c l u d i n g  l a c k  o f  a n  e n z y m e ,  s y n t h e s i s  o f  a n  a l t e r e d  
e n z y m e ,  o r  a n  e n z y m e  c a p a b l e  o f  c a t a l y s i n g  h y d r o l y s i s  b u t  
u n a b l e  t o  b i n d  t o  e n d o t h e l i a l  c e l l s  T h e  e n z y m e  r e q u i r e s  
a p o p r o t e i n  c -11  a s  a c o - f a c t o r  a n d ,  m  f a c t ,  a m u t a n t
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a p o C - 1 1  w i l l  p r o d u c e  t h e  s a m e  s y m p t o m s  a s  t h e  e n z y m e  
d e f i c i e n c y ,  e v e n  t h o u g h  e n z y m e  a c t i v i t y  f r o m  t h e s e  
i n d i v i d u a l s  i s  n o r m a l ,  ( B r e c k e n r l d g e  e t  al>,  1 9 7 8 ,
Y a m a m u r a  e t  a L ,  1 9 7 9 )
B r u n z e l l  e t  a l „  ( 1 9 8 3 ) ,  h a v e  a l s o  d e s c r i b e d  a f a m i l i a l  
c h y l o m i c r o n a e m i a  w h i c h  w a s  d u e  t o  a c i r c u l a t i n g  i n h i b i t o r  
o f  l i p o p r o t e i n  l i p a s e  a c t i v i t y ,  w h i c h  w a s  n o n - d i a l y s a b l e , 
h e a t - s t a b l e  a n d  s e n s i t i v e  t o  r e p e a t e d  f r e e z i n g  a n d  
t h a w i n g  T h i s  i n h i b i t o r  a p p e a r e d  t o  b e  i n h e r i t e d  a s  a n  
a u t o s o m a l  d o m i n a n t  d i s o r d e r
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1 4 Monocl o n a l  a n t i b o d i e s  and l i p o p r o t e i n s
A s  m o n o c l o n a l  a n t i b o d i e s  h a d  p r o v e n  u s e f u l  m  s t u d y  o f  
p r o t e i n  s t r u c t u r e  a n d  m  t h e  i d e n t i f i c a t i o n  o f  f u n c t i o n a l  
d o m a i n s  o f  p r o t e i n s ,  t h e y  w e r e  a n  o b v i o u s  t o o l  f o r  t h e  
s t u d y  o f  a p o l i p o p r o t e i n s  a n d  p a r t i c u l a r l y  a p o B  w h i c h ,  
b e c a u s e  o f  i t s  u n u s u a l  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s ,  
i s  d i f f i c u l t  t o  c h a r a c t e r i s e  b y  o t h e r  b i o c h e m i c a l
t e c h n i q u e s  T h e  a p p l i c a t i o n  o f  m o n o c l o n a l  a n t i b o d i e s  t o
l i p o p r o t e i n s  h a s  y i e l d e d  n e w  i n f o r m a t i o n  w h i c h  c o u l d  n o t
h a v e  b e e n  o b t a i n e d  o t h e r w i s e
T h i s  s e c t i o n  r e v i e w s  t h e  i n s i g h t  w h i c h  h a s  b e e n  g a i n e d  
i n t o  a p o l i p o p r o t e m  s t r u c t u r e ,  m  p a r t i c u l a r  
a p o l i p o p r o t e m  B ,  t h r o u g h  t h e  u s e  o f  m o n o c l o n a l  
a n t l b o d i e s
1 4  1 A n t i b o d i e s  a g a i n s t  a p o B
1 4  1 1  T h e  i n f l u e n c e  o f  l i p i d  o n  a n t i g e n i c i t y
A p a n e l  o f  m o n o c l o n a l  a n t i b o d i e s  a g a i n s t  h u m a n  L D L  w e r e  
r a i s e d  b y  M i l n e  e t  a l . , ( 1 9 8 3 ) ,  w i t h  t h e  a i m  o f  i d e n t i f y i n g  
»and c h a r a c t e r i s i n g  t h e  r e g i o n  o f  t h e  a p o B  m o l e c u l e  
r e c o g n i s e d  b y  t h e  LDL  r e c e p t o r  I t  w a s  b e c a u s e  a p o p r o t e i n  
B ,  w h e n  d e l i p i d a t e d ,  i s  s o  i n s o l u b l e  i n  a q u e o u s  b u f f e r s ,  
a n d  t h e r e f o r e  d i f f i c u l t  t o  c h a r a c t e r i s e  t h a t  t h e  
m o n o c l o n a l  a n t i b o d y  t e c h n i q u e  w a s  t h e  c h o s e n  a p p r o a c h  
I n  a d d i t i o n ,  t h e  a u t h o r s  w i s h e d  t o  d i s t i n g u i s h
- 3 6 -
i m m u n o c h e m i c a l l y , t h e  t w o  f o r m s  o f  a p o B ,  w h i c h  a r e  t h e  
l i v e r  a p o B - 1 0 0  a n d  a p o B - 4 8 ,  w h i c h  i s  i n t e s t i n a l  i n  o r i g i n ,  
i n  o r d e r  t o  a s c e r t a i n  h o w t h e  t w o  p r o t e i n s  a r e  r e l a t e d  
O f  t h e  s e v e n  a n t i b o d i e s  p r o d u c e d ,  f i v e  o f  t h e m  -  5 E 1 1 ,
3 A 8 ,  3 A 1 0 ,  4G3  a n d  3 F 5  -  r e c o g n i s e d  a c l u s t e r  o f  
d e t e r m i n a n t s  l o c a l i z e d  a r o u n d  t h e  s a m e  r e g i o n  o f  t h e  
m o l e c u l e ,  w h i l e  1 D1  a n d  2 D8  b o u n d  t o  e p i t o p e s  w h i c h  w e r e  
d i s t a n t  f r o m  e a c h  o t h e r  a n d  f r o m  t h a t  b o u n d  b y  t h e  o t h e r  
f i v e  T h e s e  f i n d i n g s  c a m e  f r o m  c o - t i t r a t i o n  e x p e r i m e n t s ,  
i n  w h i c h  t w o  a n t i b o d i e s  t o g e t h e r  a r e  r e a c t e d  w i t h  a 
l i m i t i n g  a m o u n t  o f  a n t i g e n  i n  a  s o l i d  p h a s e  R I A  t o  
d e t e r m i n e  w h e t h e r  o r  n o t  t h e  a n t i b o d y  b i n d i n g  i s  a d d i t i v e  
l D l  a n d  2 D8  w e r e  a l s o  s h o w n  t o  b e  u n a b l e  t o  p r e v e n t  LDL  
r e c e p t o r  b i n d i n g  o r  c e l l u l a r  c h o l e s t e r o l  b i o s y n t h e s i s  w h e n  
t h e i r  F a b  f r a g m e n t s  w e r e  t e s t e d  H o w e v e r ,  t h e  o t h e r  f i v e  
d i d  b l o c k  b i n d i n g  o f  L D L  a n d  c h o l e s t e r o l  s y n t h e s i s  a n d  
w e r e  t h e r e f o r e  p r e s u m e d  t o  b e  r e a c t i n g  w i t h  t h e  r e c e p t o r  
r e c o g n i t i o n  s i t e  o n  t h e  A p o B  m o l e c u l e  T h e  a u t h o r s  u s e d  
t r y p t i c  f r a g m e n t s  o f  a p o  B ,  s e p a r a t e d  b y  SDS 
e l e c t r o p h o r e s i s  a n d  t r a n s f e r r e d  t o  n i t r o c e l l u l o s e  p a p e r ,  
t o  e x p l o r e  f u r t h e r  t h e  s p a t i a l  r e l a t i o n s h i p  b e t w e e n  t h e  
d e t e r m i n a n t s  r e c o g n i s e d  b y  t h e  m o n o c l o n a l  a n t l b o d i e s , 
( T h e o l i s  e t  a_ l ,  1 9 8 4 )  T h e  v a r i o u s  s p e c i e s  o f  a p o B ,  
n a m e l y  B - 1 0 0 ,  B - 4 8  a n d  B - 7 4  a n d  B - 2 6 ,  w e r e  a l s o  s e p a r a t e d  
on  SDS g e l s ,  b l o t t e d  t o  n i t r o c e l l u l o s e  a n d  r e a c t e d  w i t h  
t h e  a n t i b o d i e s  ( M a r c e l  e t  a l v 1 9 8 2 )
F r o m  t h e  r e s u l t s  o f  t h e s e  v a r i o u s  e x p e r i m e n t s  t h e  a u t h o r s  
w e r e  a b l e  t o  c o n s t r u c t  a t h e o r e t i c a l  map  o f  t h e
\
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d e t e r m i n a n t s  r e c o g n i s e d  b y  t h e  a n t i b o d i e s ,  a s  t h e y  w o u l d  
a p p e a r  m  L D L  ( M a r c e l  e t  a l ., 1 9 8 5 )  T h e i r  s c h e m e  w h i c h  
r e p r e s e n t s  a t h e o r e t i c a l  l i n e a r  map  s h o w i n g  t h e  s p a t i a l  
r e l a t i o n s h i p  o f  t h e  a n t i g e n i c  d e t e r m i n a n t s  i s  s h o w n  h e r e ,  
f o r  b o t h  t h e  v a r i o u s  a p o B  s p e c i e s  ( i n c l u d i n g  a p r o t e i n  
w h o s e  m o l e c u l a r  w e i g h t  c a n  a l l o w  o n e  t o  c a l l  i t  B - 5 0 ) ,  a n d  
t h e  t r y p t i c  f r a g m e n t s
L DL  -
B - 1 0 0
B - 7 4
B - 2  6 —
B - 4 8 -
B - 5 0
L D L  r e c e p t o r  
r e c o g n i t i o n  s i t e
3 A8
I D I  2D8  5 E 1 1  3 A 1 0  4 G3  3 F 5
M  M.
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F i g  1 4  1 S c h e m a t i c  map o f  a n t i g e n i c  d e t e r m i n a n t s  
o f  A p o B
F r o m  M a r c e l  e t  a l ,  ( 1 9 8 5 ) ,  ( S c h e m e  4 b )
T h e  d o t t e d  l i n e s  c o n t a i n e d  i n  t h e  B - 5 0  a n d  4 3 , 0 0 0  d a l t o n  
f r a g m e n t s  i n d i c a t e  t h a t  t h e  a u t h o r s  f o u n d  n e g a t i v e  
r e a c t i o n  w i t h  a n t i b o d i e s  5 E 1 1 ,  3 A8  a n d  3 A 1 0 ,  b u t  t h e y  
h y p o t h e s i s e  t h a t  t h e  d e t e r m i n a n t s  ma y  b e  p r e s e n t  i n  t h o s e  
f r a g m e n t s ,  b u t  n o t  e x p r e s s e d
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O n e  o f  t h e  a n t i b o d i e s ,  l D l ,  r e a c t e d  w i t h  a p o B - 1 0 0  B - 2 6  a n d  
B - 4 8 ,  b u t  n o t  w i t h  a p o B - 7 4 ,  on  W e s t e r n  b l o t s ,  i m p l y i n g  t h a t  
t h e  t w o  s p e c i e s  o f  a p o B ,  B - 2 6  a n d  B - 7 4 ,  r e p r e s e n t e d  
c o m p l e m e n t a r y  p r o t e o l y t i c  f r a g m e n t s  o f  e a c h  o t h e r  I t  a l s o
m e a n t  t h a t  B - 1 0 0  a n d  B - 4 8  h a d  s e q u e n c e s  i n  c ommon T h e
a n t i b o d i e s  w h i c h  c a n  b l o c k  t h e  L D L  r e c e p t o r  p a t h w a y  w e r e  n o t  
r e a c t i v e  w i t h  a p o B - 4 8  w h i c h  s u g g e s t e d  t h a t  t h e i r  r e c e p t o r  
b i n d i n g  d o m a i n  may  n o t  b e  p r e s e n t  on  t h a t  p r o t e i n  
T h e  s m a l l e s t  t r y p t i c  f r a g m e n t  o f  a p o B - 1 0 0  w h i c h  r e a c t e d  w i t h  
a l l  t h e  a n t i b o d i e s  h a d  a n  a p p a r e n t  m o l e c u l a r  w e i g h t  o f  1 2 4 , 0 0 0  
o n  SDS g e l s  T h e  d e t e r m i n a n t s  r e c o g n i s e d  b y  3 F 5  a n d  4G3  w e r e  
f o u n d  t o g e t h e r  on  a  4 3 , 0 0 0  d a l t o n  f r a g m e n t  w h i l e  t h o s e  
r e c o g n i s e d  b y  2 D8  a n d  3 A8  a p p e a r e d  t o g e t h e r  on  a s e c o n d  4 3 , 0 0 0  
d a l t o n  f r a g m e n t  A p o B  h a s  b e e n  s h o w n  t o  h a v e  t w o  m a m  
c a r b o h y d r a t e  c h a i n s ,  ( S w a m m a t h a n  a n d  A l a d j e m ,  1 9 7 6 ) ,  b u t  t h e  
p a t t e r n  o f  r e a c t i v i t y  o f  t h e  m o n o c l o n a l  a n t i b o d i e s  w i t h  t h e  
t r y p t i c  f r a g m e n t s  w a s  d i f f e r e n t  f r o m  t h a t  s e e n  w i t h  t w o  
l e c t i n s  s p e c i f i c  f o r  t h e  p a r t i c u l a r  c a r b o h y d r a t e  c h a i n s  
p r e s e n t ,  s u g g e s t i n g  t h a t  t h e  s i t e s  r e c o g n i s e d  b y  t h e  
a n t i b o d i e s  a r e  n o t  c o n s t i t u t e d  b y  t h e  c a r b o h y d r a t e  m o i e t i e s  
C u r t i s s  & E d g i n g t o n ,  ( 1 9 8 2 )  r a i s e d  a p a n e l  o f  1 1  m o n o c l o n a l  
a n t i b o d i e s  u s i n g  V L D L  a n d  I D L  a s  t h e  i m m u n o g e n s  W h i l e  9 o f  
t h e  a n t i b o d i e s  w e r e  c a p a b l e  o f  b i n d i n g  t o  a p o p r o t e i n  B a f t e r  
s e p a r a t i o n  o n  SDS g e l s  a n d  t r a n s f e r  t o  n i t r o c e l l u l o s e ,  t h e  t w o  
r e m a i n i n g  a n t i b o d i e s  a p p e a r e d  t o  b i n d  c o m p l e x  e p i t o p e s  w h i c h  
w e r e  a b o l i s h e d  b y  d e l i p i d a t i o n  a n d  e l e c t r o p h o r e s i s  I t  w a s  
c l e a r  f r o m  b i n d i n g  s t u d i e s  w i t h  c h y l o m i c r o n s ,  V L D L  a n d  LDL  
t h a t  t h e  v a r i o u s  a p o p r o t e i n  B s p e c i e s  w e r e  i m m u n o l o g i c a l l y  
r e l a t e d  T s a o ,  C u r t i s s  a n d  E d g i n g t o n  ( 1 9 8 2 )  u s e d  t h e  s a m e  
p a n e  1 o f  a n t i b o d i e s  t o  e x a m i n e  t h e  e p i t o p e  e x p r e s s i o n  o f  
a p o l i p o p r o t e m  B' on  n a t i v e  l i p o p r o t e i n s  T h r e e  p a t t e r n s  o f
- 3 9 -
e p i t o p e  e x p r e s s i o n  b e c a m e  a p p a r e n t  f r o m  f l u i d  p h a s e  
r a d i o i m m u n o a s s a y s  F i v e  a n t i b o d i e s  i d e n t i f i e d  t y p e  1 p a t t e r n  
o f  e p i t o p e  e x p r e s s i o n ,  i n  w h i c h  t h e y  h a d  e q u a l  a f f i n i t y  f o r  
e p i t o p e s  on  V L D L ,  I D L  a n d  L D L  T h r e e  a n t i b o d i e s  b o u n d  I D L  a n d  
V L D L  e p i t o p e s  w i t h  s i m i l a r  a f f i n i t y  b u t  w i t h  a m o d i f i e d  
a f f i n i t y  t o  LDL  a n d  t h e  r e m a i n i n g  t h r e e  a n t i b o d i e s  b o u n d  o n l y  
L D L  a n d  I D L  i n  a s i m i l a r  m a n n e r ,  a n d  i n  a d i f f e r e n t  m a n n e r  t o  
V L D L  T h e s e  f i n d i n g s  i n d i c a t e d  t h a t  a p o B  p o s s e s s e s  s ome  
a n t i b o d y  b i n d i n g  s i t e s  w h i c h  a r e  s p e c i f i e d  b y  a n  e p i t o p e  t h a t  
i s  e x p r e s s e d  e q u a l l y  o n  a l l  l i p o p r o t e i n  f r a c t i o n s ,  w h i l e  o t h e r  
e p i t o p e s  a r e  o n l y  e x p r e s s e d  i n  e q u a l  f a s h i o n  o n  I D L  a n d  LDL  
a n d  a t h i r d  g r o u p  a r e  e x p r e s s e d  e q u a l l y  o n l y  o n  V L D L  a n d  I D L  
A n o t h e r  e x a m p l e  o f  h e t e r o g e n e i t y  i n  i m m u n o r e a c t 1v i t y  a m o n g  t h e  
d i f f e r e n t  l i p o p r o t e i n  f r a c t i o n s  i s  p r o v i d e d  b y  a n t i b o d y  I D I ,  
w h i c h  i s  o n e  o f  t h e  a n t i b o d i e s  r a i s e d  b y  M a r c e l ' s  g r o u p  T h e  
a u t h o r s  d e l i p i d a t e d  a n d  s o l u b i l i z e d  A p o B  i n  t h e  a b s e n c e  o f  
d e n a t u r i n g  a g e n t s  o r  d e t e r g e n t s  a c c o r d i n g  t o  a m e t h o d  
d e s c r i b e d  b y  C a r d i n  e t  a l ., ( 1 9 8 2 ) ,  b e c a u s e  i t  w a s  t h e i r  a i m  t o  
s t u d y  t h e  r o l e  o f  l i p i d s  m  t h e  a n t i g e n i c i t y  o f  a p o B  O n l y  
t h e  d e t e r m i n a n t  r e c o g n i s e d  b y  a n t i b o d y  I D I  w a s  s i g n i f i c a n t l y  
e x p r e s s e d  o n  t h e  s o l u b i l i z e d  a p o B  a n d  w a s  a l s o  e q u a l l y  
e x p r e s s e d  o n  L D L .  H o w e v e r ,  w h i l e  I D I  r e a c t s  w i t h  
c h y l o m i c r o n s ,  i t  r e q u i r e s  p a r t i a l  d e l i p i d a t i o n  f o r  a n t i g e n i c  
e x p r e s s i o n  T h e  s a m e  i s  t r u e  f o r  V L D L
T i k k a n e n  e t  a L , ( 1 9 8 4 )  e x a m i n e d  t h e  e p i t o p e  e x p r e s s i o n  o n  a p o B  
a c c o r d i n g  a s  V L D L  w a s  t r e a t e d  w i t h  l i p o p r o t e i n  l i p a s e  T h e y  
a l s o  i s o l a t e d  v a r i o u s  d e n s i t y  f r a c t i o n s  o f  V L D L  b y  z o n a l  
u l t r a c e n t r i f u g a t i o n  a n d  d e s i g n a t e d  t h e  f a s t e s t  f l o a t i n g  
f r a c t i o n  a s  V L D L ^ , ( S f 1 2 0 - 4 0 0 ) ,  t h e  n e x t  f a s t e s t  a s  
V L D L 2 ( S ^ 6 0 ~ 1 2 0 )  a n d  t h e  n e x t  f a s t e s t  a s  V L D L ^ ( S ^ 2 0 - 6 ) T h e s e  
r e p r e s e n t e d  V L D L  f r a c t i o n s  o f  d e c r e a s i n g  s i 2 e a n d  h a d
- 4 0 -
p r o p o r t i o n a l l y  m o r e  p r o t e i n  t o  l i p i d  T h e  b i n d i n g  o f
a n t i b o d i e s  t o  t h e  V L D L  s u b t r a c t i o n s  a n d  L D L  w a s  a s s e s s e d  b y
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a l l o w i n g  t h e m  c o m p e t e  w i t h  1 - L D L  i n  a R I A  F o r  t w o  o f  
t h e i r  a n t i b o d i e s  t h e  i m m u n o r e a c t i v i t i e s  o f  V L D L  a n d  LDL  
i n c r e a s e d  i n  t h e  o r d e r  o f  d e c r e a s i n g  f l o t a t i o n  r a t e  L D L  > 
V L D L ^  > V L D L ^  > V L D L ^  T h e  e f f e c t s  o f  l i p o p r o t e i n  l i p a s e  on  
V L D L f w a s  t o  i n c r e a s e  t h e  p e r c e n t a g e  p r o t e i n  a n d  d e c r e a s e  t h e  
p e r c e n t a g e  o f  t r i g l y c e r i d e  T h e  l i p o l y s e d  p a r t i c l e  d i s p l a y e d  
g r e a t e r  i m m u n o r e a c t i v i t y  t o  t h e  a n t i b o d i e s  t h a n  t h e  
n o n l i p o l y s e d  V L D L ^  T h e  d a t a  i n d i c a t e d  t h a t ,  m  g e n e r a l  t h e  
a f f i n i t i e s  o f  b i n d i n g  i n c r e a s e d  a s  V L D L  s i z e  d e c r e a s e d ,  
a l t h o u g h  s o m e  o f  t h e  a n t i b o d i e s  b o u n d  w i t h  l o w e r  a f f i n i t y  t o  
t h e  l i p o l y s e d  V L D L ^  t h a n  t o  n o n l i p o l y s e d  V L D L ^
P a t t o n  e t  a l . ,  ( 1 9 8 2 ) ,  h a v e  r e p o r t e d  s i m i l a r  e f f e c t s  w i t h  t h e i r  
a n t i - L D L  m o n o c l o n a l  a n t i b o d i e s  A f t e r  r e m o v a l  o f  l i p i d s  f r o m  
i m m o b i l i z e d  L D L  b y  o r g a n i c  s o l v e n t  e x t r a c t i o n  a 50% l o s s  o f  
i m m u n o r e a c t i v i t y  r e s u l t e d  s u g g e s t i n g  t h a t  t h e  l i p i d s  p l a y e d  a n  
i m p o r t a n t  r o l e  i n  m a i n t a i n i n g  t h e  a n t i g e n  s t r u c t u r e  
I m m u n o r e a c t i v i t y  w a s  a l s o  l o w e r e d  f o l l o w i n g  r e m o v a l  o f  V L D L  
t n g l y c e n d e  b y  l i p o p r o t e i n  l i p a s e
M a r c e l  e t  a l ,  ( 1 9 8 5 ) ,  h a v e  d e s c r i b e d  e x p e r i m e n t s  u s i n g  
s o l u b i l i z e d  a p o B  t h a t  w a s  r e c o n s t i t u t e d  i n t o  e i t h e r  SDS  
m i c e l l e s  o r  c h o l e s t e r o l - l e c i t h i n  l i p o s o m e s  o r  e l s e  i n t o  
m i c r o e m u l s i o n s  c o n s i s t i n g  o f  a c h o l e s t e r y l  o l e a t e  c o r e  
s t a b i l i z e d  b y  a p h o s p h a t i d y c h o l i n e  l a y e r  T h e  a n t i g e n i c i t y  o f  
t h e  d e t e r m i n a n t  f o r  a n t i b o d y  2 D8  ( w h i c h  w a s  l o s t  o n  t h e  
s o l u b i l i z e d  a p o B )  w a s  p a r t l y  r e s t o r e d  o n  SDS m i c e l l e s  o r  
c h o l e s t e r o l  l e c i t h i n  l i p o s o m e s ,  b u t  o n l y  i n c o r p o r a t i o n  o f  t h e  
a p o B  i n t o  m i c r o e m u l s i o n s ,  f o l l o w i n g  t r e a t m e n t  w i t h  S D S ,  c o u l d  
r e s t o r e  t h e  a n t i g e n i c  d e t e r m i n a n t  f o r  a n t i b o d i e s  3 F 5 ,  4G3  a n d  
5 E 1 1 .  T h e s e  a r e  t h e  s i t e s  t h a t  a r e  c l o s e  t o  t h e  r e c e p t o r ; '
- 4 1 -
I n  c o n c l u s i o n ,  t h e  a n t i b o d i e s  r a i s e d  b y  t h e  v a r i o u s  r e s e a r c h  
g r o u p s  w e r e ,  f o r  t h e  m o s t  p a r t ,  r e a c t i v e  t o  d e t e r m i n a n t s  w h i c h  
w e r e  f o u n d  on  t h e  p o l y p e p t i d e  r e g i o n  L i p i d s  d o  n o t  t h e r e f o r e  
a p p e a r  t o  b e  d i r e c t l y  i m p l i c a t e d  i n  t h e  a n t i g e n i c  d e t e r m i n a n t  
s t r u c t u r e  b u t  t h e y  a f f e c t  a n t i g e n i c i t y  m  t w o  w a y s  t h e y  c a n  
" m a s k ” t h e  d e t e r m i n a n t  w h i c h  t h e n  b e c o m e s  m o r e  a c c e s s i b l e  t o  
t h e  a n t i b o d y  w i t h  l i p o l y s i s  o r  a c c o r d i n g  a s  V L D L  i s  c o n v e r t e d  
t o  LDL  T h e  r e c e p t o r  b i n d i n g  s i t e  o n  a p o B - 1 0 0  c o m e s  i n t o  t h i s  
c a t e g o r y  A l t e r n a t e l y  l i p i d s  a f f e c t  a n t i g e n i c i t y  b y  
m a i n t a i n i n g  t h e  p r o t e i n  i n  t h e  c o r r e c t  c o n f o r m a t i o n  f o r  
a n t i b o d y  r e c o g n i t i o n  Some o f  t h e  d e t e r m i n a n t s  r e c o g n i s e d  b y  
t h e  a n t i b o d i e s  o f  P a t t o n ' s  g r o u p  c o m e  i n t o  t h i s  c a t e g o r y  A 
t h i r d  g r o u p  o f  d e t e r m i n a n t s  a p p e a r  t o  b e  u n a f f e c t e d  b y  t h e  
p r e s e n c e  o r  a b s e n c e  o f  l i p i d  a n d  a r e  u n i v e r s a l l y  e x p r e s s e d  o n  
a l l  a p o B - c o n t a i n i n g  l i p o p r o t e i n s
W i t h  r e g a r d  t o  t h e  r e c e p t o r  r e c o g n i t i o n  d o m a i n ,  M a r c e l ' s  
g r o u p ,  ( 1 9 8 5 )  h a v e  f o u n d  t h a t  i t  r e q u i r e s  a v e r y  p r e c i s e  
c o n f o r m a t i o n ,  c o n f e r r e d  b y  t h e  p r e s e n c e  o f  c h o l e s t e r y l  o l e a t e ,  
f o r  r e c e p t o r  o r  a n t i b o d y  r e c o g n i t i o n  T i k k a n e n ' s  g r o u p  h a v e  
a l s o  s h o w n  i t  t o  b e c o m e  m o r e  a c c e s s i b l e  t o  a n t i b o d i e s  
a c c o r d i n g  a s  V L D L  i s  c o n v e r t e d  t o  L D L ,  s i n c e  t w o  o f  t h e i r  
a n t i b o d i e s ,  2 a a n d  2b ,  w h i c h  a r e  k n o w n  t o  b i n d  a d e t e r m i n a n t  
a t  o r  n e a r  t h e  r e c e p t o r  b i n d i n g  s i t e ,  b i n d  w i t h  h i g h e r  
a f f i n i t i e s  t o  L D L  t h a n  t o  V L D L  s u b f r a c t i o n s  T h i s  r e g i o n  o f  
a p o B  i s  t h e r e f o r e  p r o b a b l y  m a s k e d  b y  t r i g l y c e r i d e  m o l e c u l e s  on  
V L D L  a n d  l e s s  a c c e s s i b l e  t o  b o t h  a n t i b o d y  a n d  r e c e p t o r  
m o l e c u l e s  T h i s  w o u l d  s u g g e s t  t h a t  r e c e p t o r  u p t a k e  o f  V L D L  
r e m n a n t s  w o u l d  b e  m e d i a t e d  t h r o u g h  a p o E  b i n d i n g  r a t h e r  t h a n  
a p o B - 1 0 0  a n d  H u i  e t  a l ., ( 1 9 8 4 )  a n d  K r u l  e t  a l ., ( 1 9 8 5 )  h a v e  
p r o v i d e d  e v i d e n c e  t h a t  t h i s  i s  t h e  c a s e
r e c o g n i t i o n  domain
- 4 2 -
1 4 . 1  2 M o n o c l o n a l  a n t i b o d i e s  a n d  LDL  p o l y mo r p h i s m
P o l y m o r p h i s m  o f  l o w  d e n s i t y  l i p o p r o t e i n  m  i t s  
i m m u n o r e a c t i v i t y  t o  p o l y c l o n a l  a n t i s e r a  w a s  s h o w n  t o  e x i s t  
o v e r  t w o  d e c a d e s  a g o  b y  B l u m b e r g  a n d  c o l l e a g u e s ,  ( 1 9 6 2 ) ,  
w h o  u s e d  a n t i s e r a  f r o m  p a t i e n t s  r e c e i v i n g  m u l t i p l e  
t r a n s f u s i o n s  G e n e t i c  p o l y m o r p h i s m  o f  a p o p r o t e i n  B w a s
i
a l s o  r e p o r t e d  i n  o t h e r  a n i m a l s  a n d  i t  h a s  b e e n  o f  mu c h
i n t e r e s t ,  p a r t i c u l a r l y  m  v i e w  o f  t h e  f a c t  t h a t ,  i n  s w i n e ,
a o r t i c  m t i m a l  l i p i d o s i s  h a s  b e e n  r e l a t e d  t o  a c e r t a i n
g e n e t i c a l l y  d e t e r m i n e d  a n t i g e n i c  t y p e  o f  L D L ,  ( R a p a c z  e t
a l », 1 9 7 2 )  T h e  i m m u n o r e a c t i v i t i e s  o f  L D L  s a m p l e s  f r o m  a
v a r i e t y  o f  s u b j e c t s  w a s  a n a l y s e d  b y  c o m p a r i n g  t h e i r
12  5c a p a c i t i e s  t o  c o m p e t e  w i t h  I - L D L  f o r  b i n d i n g  t o  a 
s e l e c t i o n  o f  m o n o c l o n a l  a n t i - L D L  a n t i b o d i e s  i n  s o l i d - p h a s e  
a s s a y s  b y  T i k k a n e n  e t  a l « , ( 1 9 8 3 )  T h e i r  o b j e c t i v e  w a s  t h e  
l a r g e  s c a l e  s c r e e n i n g  o f  L D L  s a m p l e s  m  t h e  h o p e  t h a t  
m o n o c l o n a l  a n t i b o d i e s  w o u l d  d e t e c t  a p o B  v a r i a n t s  a n d  
p o s s i b l y  r e l a t e  t h e m  t o  i n d i v i d u a l s  a t  r i s k  f o r  c o r o n a r y  
a r t e r y  d i s e a s e
T h e  i m m u n o r e a c t i v i t i e s  o f  L D L  f r o m  d i f f e r e n t  i n d i v i d u a l s
d i f f e r e d  f r o m  e a c h  o t h e r ,  w h e n  t h e i r  a b i l i t i e s  t o  d i s p l a c e  
1 2  5 I - L D L  b i n d i n g  t o  d i f f e r e n t  a n t i b o d i e s  w a s  c o m p a r e d  
W i t h  s o m e  a n t i b o d i e s  t h e  n u m b e r  o f  i m m u n o r e a c t i v i t i e s  
r a n g e d  f r o m  3 0 - 4 0 0 %  o f  t h e ^  L D L  s t a n d a r d  
T h e  d i f f e r e n t  L D L  p r e p a r a t i o n s  w e r e  a s s a y e d  f o r  
p h o s p h o l i p i d  a n d  t r i g l y c e r i d e  c o n t e n t  a n d  i t  w a s  f o u n d  
t h a t  t h e  i m m u n o r e a c t i v i t i e s  f o r  f o u r  o f  t h e  a n t i b o d i e s
c o r r e l a t e d  p o s i t i v e l y  w i t h  p e r c e n t a g e  p h o s p h o l i p i d ,  w h i l e  
f o r  o n e  a n t i b o d y ,  i m m u n o r e a c t i v i t y  c o r r e l a t e d  i n v e r s e l y  
w i t h  p e r c e n t a g e  t r i g l y c e r i d e  a n d  p o s i t i v e l y  w i t h  
p e r c e n t a g e  c h o l e s t e r o l
P a t t o n  e t  a l ., ( 1 9 8 3 ) ,  a l s o  r e p o r t e d  h e t e r o g e n e i t y  i n  
i m m u n o r e a c t i v i t y  a m o n g  L D L  f r o m  d i f f e r e n t  i n d i v i d u a l s  w i t h  
f o u r  o f  t h e i r  m o n o c l o n a l  a n t i - L D L  a n t i b o d i e s  T h e s e  
f i n d i n g s  m e a n t  t h a t  i t  w o u l d  n o t  b e  p o s s i b l e  t o  u s e  
m o n o c l o n a l  a n t i b o d i e s  t o  q u a n t i t a t i v e l y  d e t e r m i n e  p l a s m a  
a p o B  l e v e l s  i n  p l a s m a  o f  d i f f e r e n t  i n d i v i d u a l s  I t  i s  
c l e a r  t h a t  L D L  d i f f e r s  f r o m  o n e  p e r s o n  t o  a n o t h e r  i n  t e r m s  
o f  i t s  a n t i g e n i c i t y  T h i s  i s  p o s s i b l y  b r o u g h t  a b o u t  
t h r o u g h  a l t e r a t i o n s  m  l i p i d  c o n t e n t ,  w h i c h  m i g h t  a f f e c t  
t h e  e p i t o p e  e x p r e s s i o n  o n  t h e  p a r t i c l e ,  a l t h o u g h  
i m m u n o c h e m i c a l  h e t e r o g e n e i t y  t h r o u g h  d i f f e r e n c e s  i n  
p r o t e i n  s t r u c t u r e  c o u l d  a l s o  b e  t h e  c a s e  
N o n e t h e l e s s ,  o n e  o f  t h e  a n t i b o d i e s  o f  P a t t o n ' s  g r o u p  
d e t e c t e d  a s i g n i f i c a n t  p l a s m a  a p o B  i n c r e a s e  i n  p a t i e n t s  
w i t h  a n g i o g r a p h i c a l l y  d o c u m e n t e d  c o r o n a r y  a r t e r y  d i s e a s e ,  
w h i c h  l e d  t h e m  t o  t h e  c o n c l u s i o n  t h a t  t h i s  a n t i b o d y  w a s  
b i n d i n g  t o  a n  a n t i g e n i c  d e t e r m i n a n t  w h i c h  w a s  m o r e  
c o m m o n l y  e x p r e s s e d  i n  t h e  a p o B  o f  t h e s e  i n d i v i d u a l s  
Some o f  t h e i r  a n t i b o d i e s  a l s o  b o u n d  i s o l a t e d  L D L ,  b u t  n o t  
LDL m  p l a s m a ,  i n d i c a t i n g  t h a t  L D L  p r e p a r a t i o n  a l t e r s  i t s  
s t r u c t u r e  a s  a n  i m m u n o g e n
G e n e t i c  p o l y m o r p h i s m s  m  a p o l i p o p r o t e m s  A - l ,  A - 1 V ,  a n d  E 
h a v e  b e e n  d o c u m e n t e d  b y  s e v e r a l  a u t h o r s ,  ( s e e  s e c t i o n  
1 2 )  S u c h  t e c h n i q u e s  w e r e  n o t  p o s s i b l e  w i t h  a p o p r o t e i n
B ,  d u e  t o  i t s  u n u s u a l  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  
w h i c h  r e n d e r e d  i t  i n s o l u b l e  i n  a q u e o u s  b u f f e r s  
S c h u m a k e r  e t  a L ,  ( 1 9 8 4 ) ,  r e p o r t e d  t h e  u s e  o f  m o n o c l o n a l  
a n t i b o d i e s  m  t h e  d e t e c t i o n  o f  p h e n o t y p i c  v a r i a n t s  i n  
h u m a n  L D L  A p a n e l  o f  1 1  a n t i a p o p r o t e m  B a n t i b o d i e s ,  
r a i s e d  a n d  d e s c r i b e d  b y  C u r t i s s  a n d  h e r  c o l l e a g u e s  
( C u r t i s s  a n d  E d g i n g t o n ,  ( 1 9 8 2 ) ,  T s a o  e t  a l v  ( 1 9 8 2 ) ) ,  w e r e  
u s e d  i n  t h e  s t u d y
T h e  m e t h o d  o f  d a t a  a n a l y s i s  w h i c h  w a s  u s e d  t o  s c r e e n  LDL  
f r o m  d i f f e r e n t  d o n o r s  f o r  i m m u n o c h e m i c a l  v a r i a t i o n  w a s  
r e f e r r e d  t o  a s  t h e  " b i n d i n g  r a t i o  p r o f i l e "  a n d  e x p r e s s e d  
a s  t h e  a m o u n t  o f  a n t i b o d y  b o u n d  t o  a s a m p l e  LDL  d i v i d e d  b y  
t h a t  b o u n d  t o  a  s t a n d a r d  L D L  ( q u a n t i t a t i o n  o f  a n t i b o d y  
b o u n d  w a s  b y  s o l i d  p h a s e  r a d i o i m m u n o a s s a y )  F o r  e a c h  
s a m p l e  o f  L D L  t h e  b i n d i n g  r a t i o s  f o r  a l l  11  a n t i b o d i e s  
w e r e  m e a s u r e d  a n d  t h e  b i n d i n g  r a t i o  p r o f i l e  p l o t t e d  w i t h  
r a t i o  a l o n g  t h e  Y - a x i s  a n d  a n t i b o d i e s  A t o  K a l o n g  t h e  
X - a x i s  i f  t h e  e p i t o p e  f o r  a p a r t i c u l a r  a n t i b o d y  w a s  
e x p r e s s e d  e q u a l l y  o n  t h e  s a m p l e  LDL  a s  w e l l  a s  t h e  
s t a n d a r d  L D L ,  t h e n  t h e  b i n d i n g  r a t i o  w a s  a p p r o x i m a t e l y  
1 0 T h r e e  a n t i b o d i e s ,  h o w e v e r ,  B ,  E a n d  F ,  e x h i b i t e d  
r e d u c e d  b i n d i n g  r a t i o s  o n  s o m e  o f  t h e  d o n o r s  L D L ,  a w h i l e  
f o r  o t h e r  L D L  s a m p l e s  t e s t e d  e v e r y  a n t i b o d y  b o u n d  w i t h  a 
b i n d i n g  r a t i o  o f  a p p r o x i m a t e l y  1
T h r e e  d i s t i n c t  p h e n o t y p e s  e m e r g e d  f r o m  o v e r  1 0 0  p e r s o n s  
s t u d i e d  w i t h  r e g a r d  t o  t h e  b i n d i n g  r a t i o s  f o r  t h e  t h r e e  
a n t i b o d i e s  -  t h o s e  f o r  w h i c h  t h e  r a t i o s  w e r e  a p p r o x i m a t e l y
1 . 0  ( t y p e  A ) ,  t h o s e  f o r  w h i c h  t h e  r a t i o s  w e r e
a p p r o x i m a t e l y  0 6 ( t y p e  B ) , a n d  t h o s e  f o r  w h i c h  t h e  
r a t i o s  w e r e  a p p r o x i m a t e l y  0 4 ( t y p e  C )  T h e  a u t h o r s  
c o n c l u d e d  t h a t  t h e s e  3 a n t i b o d i e s ,  w h i c h  a r e  k n o w n  f r o m  
c o m p e t i t i v e  b i n d i n g  e x p e r i m e n t s  t o  b e  d i r e c t e d  a g a i n s t  t h e  
s a m e  o r  a d j a c e n t  e p i t o p e s  on  a p o B ,  r e c o g n i s e  a n d  b i n d  a  
r e g i o n  o f  a p o B  w h i c h  e x h i b i t s  i m m u n o c h e m i c a l  v a r i a n c e  
F a m i l y  s t u d i e s  i n d i c a t e  t h a t  t h e  p o l y m o r p h i s m  i s  g e n e t i c  
a n d  i n h e r i t e d  a s  a  c o - d o m m a n t  a l l e l e  T y p e  B i n d i v i d u a l s  
a r e  h e t e r o z y g o u s  f o r  b o t h  f o r m s  o f  t h e  p r o t e i n  
L D L ,  w h e t h e r  i s o l a t e d  f r o m  p l a s m a  o r  s e r u m ,  a n d  w h e t h e r  
u s e d  f r e s h l y  o r  s t o r e d  f r o z e n  b e f o r e h a n d ,  p r o d u c e d  
r e p r o d u c i b l e  r e s u l t s  T h e  a u t h o r s  d e s c r i b e d  e x p e r i m e n t s  
w h i c h  s h o w e d  t h a t  t h e  m o s t  l i k e l y  p o s s i b i l i t y  f o r  t h e  
v a r i a t i o n  w a s  a s i n g l e  a m m o  a c i d  c h a n g e  w h i c h  c o n f e r s  o n  
t h e  p r o t e i n  a n  a l t e r e d  c o n f o r m a t i o n ,  a f f e c t i n g  i t s  
a n t i g e n i c i t y  f o r  t h o s e  3 a n t i b o d i e s  I t  w o u l d  n o t  h a v e  
b e e n  p o s s i b l e  t o  d e t e c t  s u c h  a s m a l l  s t r u c t u r a l  
r e a r r a n g e m e n t  i n  t h e  m o l e c u l e  w i t h  p o l y c l o n a l  a n t i b o d i e s  
A g e n e t i c  p o l y m o r p h i s m  m  h u m a n  L D L  w a s  a l s o  d i s c o v e r e d  b y  
Y o u n g  e t  a L , ( 1 9 8 6 , a ) ,  u s i n g  a m o n o c l o n a l  a n t i b o d y  -  MB19  
-  w h i c h  b o u n d  t o  L D L  f r o m  d i f f e r e n t  i n d i v i d u a l s  i n  o n e  o f  
t h r e e  w a y s  -  s t r o n g ,  i n t e r m e d i a t e  o r  w e a k  F a m i l y  s t u d i e s  
r e v e a l e d  t h a t  t h e  t h r e e  MB1 9  b i n d i n g  p a t t e r n s  r e s u l t e d  
f r o m  c o d o m m a n t  t r a n s m i s s i o n  o f  t w o  c ommon a p o B  a l l e l e s  
e a c h  c o d i n g  f o r  a n  a l l o t y p e  w i t h  d i f f e r e n t  a f f i n i t y  f o r  
M B l  9 T h e  a n t i g e n i c  d e t e r m i n a n t  d i d  n o t  a p p e a r  t o  i n v o l v e  
c a r b o h y d r a t e  r e s i d u e s ,  s i n c e  p e r i o d a t e  t r e a t m e n t  o f  t h e  
L D L  d i d  n o t  a l t e r  a n t i b d y  b i n d i n g .  T h e  e p i t o p e  f o r  MB19
i -<45-
i s  c ommon t o  b o t h  B - 1 0 0  a n d  B - 4 8  s p e c i e s  o f  t h e  
a p o p r o t e i n  Y o u n g  e t  aJL, ( 1 9 8 6 , b ) ,  d e t e c t e d  t h e  
p o l y m o r p h i s m  m  b o t h  a p o B - 4 8  a n d  B - 10  0 o n  W e s t e r n  b l o t s  o f  
t h e  d e l i p i d a t e d  a p o l i p o p r o t e i n s , a n d  b y  q u a n t i t a t i n g  t h e  
b i n d i n g  r a t i o  f o r  t h e  r a d i o a c t 1v e l y  l a b e l l e d  a n t i b o d y  
b o u n d  i n  b o t h  b a n d s ,  t h e y  w e r e  a b l e  t o  s h o w  t h a t  t h e  
p o l y m o r p h i s m  w a s  e x p r e s s e d  m  p a r a l l e l  i n  b o t h  p r o t e i n s  
T h i s  p r o v i d e s  s t r o n g  e v i d e n c e  t h a t  b o t h  a p o B - 1 0 0  a n d  
a p o B - 4 8  a r e  p r o d u c t s  o f  t h e  s a m e  g e n e ,  a l t h o u g h  t h e  
r e g u l a t o r y  p r o c e s s e s  w h i c h  l e a d  t o  t h e  e x p r e s s i o n  o f  t h e  
t w o  d i f f e r e n t  p r o t e i n  p r o d u c t s ,  t h e  o n e  i n t e s t i n a l  i n  
o r i g i n  a n d  t h e  o t h e r  f r o m  t h e  l i v e r ,  r e m a i n  t o  b e  f u l l y  
e l u c i d a t e d
1 4  1 3  M o n o c l o n a l  a n t i b o d i e s  a n d  a p o l i p o p r o t e m  B 
q u a n t i t a t i o n
T h e  h e t e r o g e n e i t y  o f  a p o l i p o p r o t e m  B ,  c o u p l e d  w i t h  i t s  
k n o w n  i n s o l u b i l i t y  i n  a q u e o u s  b u f f e r s  h a s  m a d e  i t s  
a c c u r a t e  d e t e r m i n a t i o n  i n  p l a s m a  d i f f i c u l t  t o  a c h i e v e  
i m m u n o c h e m i c a l l y  E p i d e m i o l o g i c a l  s t u d i e s ,  h o w e v e r ,  h a v e  
s h o w n  a d i r e c t  r e l a t i o n s h i p  w i t h  i t s  p l a s m a  c o n c e n t r a t i o n  
a n d  t h e  i n c i d e n c e  o f  i s c h a e m i c  h e a r t  d i s e a s e ,  s o  t h e  
a c c u r a t e  d e t e r m i n a t i o n  o f  t h i s  p r o t e i n  h a s  b e c o m e  
i n c r e a s i n g l y  i m p o r t a n t
Wh e n  m o n o c l o n a l  a n t i b o d i e s  a r e  u s e d  t o  a s s a y  a p o B  
i m m u n o c h e m i c a l l y ,  t h e  t e c h n i q u e  i s  n o t  w i t h o u t  i t s  
p r o b l e m s ,  n o t  l e a s t  b e c a u s e  a p o B  i s  h e t e r o g e n e o u s  a n d  
d i s t r i b u t e d  a m o n g  v e r y  l o w  d e n s i t y  a s  w e l l  a s  l o w  d e n s i t y
- 4 6 -
l i p o p r o t e i n s ,  s o  t h a t  i f ,  f o r  i n s t a n c e ,  o n e  w a n t e d  t o  
q u a n t i t a t e  L D L  a p o B  t h e  a n t i b o d y  s h o u l d  n o t  b i n d  V L D L  o r  
c h y l o m i c r o n  a p o B  T h e  a n t i b o d y  s h o u l d  a l s o  d i s p l a y  
s i m i l a r  i m m u n o r e a c t i v i t y  t o  p l a s m a  L D L ,  a s  i t  d o e s  t o  L DL  
a f t e r  i s o l a t i o n  f r o m  p l a s m a ,  a n d  i t  s h o u l d  n o t  d i s p l a y  a n y  
d i f f e r e n c e s  i n  i m m u n o r e a c t i v i t y  t o  L D L  f r o m  d i f f e r e n t  
i n d i v i d u a l s
M o n o c l o n a l  a n t i - L D L  a n t i b o d i e s  p r o d u c e d  b y  P a t t o n  e t  a l v  
( 1 9 8 3 )  a n d  b y  T i k k a n e n  e t  a l «, ( 1 9 8 3 ) ,  d i d  n o t  s h o w  s u c h  
p r o p e r t i e s  a n d  i n  f a c t  t h e  r a n g e  m  i m m u n o r e a c t 1v i t l e s  o f  
t h e  a n t i b o d i e s  o f  T i k k a n e n ' s  g r o u p  f o r  L D L  f r o m  d i f f e r e n t  
i n d i v i d u a l s  r a n g e d  f r o m  3 0 - 4 0 0 %  o f  a  c h o s e n  L D L  s t a n d a r d  
P a t t o n ' s  g r o u p  r a i s e d  f o u r  m o n o c l o n a l  a n t i - L D L  a n t i b o d i e s ,  
w h i c h  h a d  h e t e r o g e n e o u s  i m m u n o r e a c t i v i t y  w i t h  L DL  f r o m  
d i f f e r e n t  i n d i v i d u a l s ,  i n d i c a t i n g  t h a t  t h e y  w o u l d  n o t  b e  
s u i t a b l e  f o r  r a d i o i m m u n o a s s a y s ,  u n l e s s  t h e  s a m e  LDL  
s t a n d a r d  w a s  a l w a y s  u s e d ,  b e c a u s e  t h e  a p p a r e n t  a p o B  
c o n c e n t r a t i o n s  d e t e c t e d  w o u l d  v a r y  d e p e n d i n g  on  t h e  
i m m u n o r e a c t i v i t y  o f  t h e  g i v e n  L D L  I n  a d d i t i o n ,  o n e  o f  
t h e i r  a n t i b o d i e s  b o u n d  p l a s m a  a p o B  p o o r l y  c o m p a r e d  t o  a p o B  
f r o m  i s o l a t e d  L D L  N e v e r t h e l e s s ,  t h e  a u t h o r s  w e r e  a b l e  t o  
u s e  a n o t h e r  o f  t h e i r  a n t i b o d i e s  m  a r a d i o i m m u n o a s s a y  a n d  
s h o w  t h a t  i t  d e t e c t e d  a s i g n i f i c a n t  i n c r e a s e  i n  p l a s m a  
a p o B  o f  p a t i e n t s  w i t h  a n g i o g r a p h i c a l l y  d o c u m e n t e d  c o r o n a r y  
a r t e r y  d i s e a s e  T h e y  c o n c l u d e d  t h a t  t h e s e  p a t i e n t s  h a d  a n  
i n c r e a s e  m  t h e  f o r m  o f  a p o B  t h a t  i s  s p e c i f i c a l l y  
r e c o g n i s e d  b y  t h a t  m o n o c l o n a l  a n t i b o d y
I n  c o n t r a s t ,  S l a t e r  e t  a l . ,  ( 1 9 8 5 ) ,  r a i s e d  f i v e  d i f f e r e n t
m o n o c l o n a l  a n t i b o d i e s  a g a i n s t  a p o B ,  f r o m  w h i c h  o n e  
d i s p l a y e d  a r e l a t i v e  s p e c i f i c i t y  f o r  L D L  a p o B  c o m p a r e d  t o  
t h a t  f r o m  V L D L  T h e  a n t i b o d y  b o u n d  w i t h  s i m i l a r  
i m m u n o r e a c t i v i t y  t o  L D L  f r o m  3 0  d i f f e r e n t  i n d i v i d u a l s  a n d  
w a s  r e a c t i v e  t o  b o t h  n a t i v e  L D L  a n d  t h a t  i s o l a t e d  f r o m  
p l a s m a  T h e  a u t h o r s  u s e d  t h e i r  a n t i b o d y  c a l l e d  P I C I ,  i n  
a n  i m m u n o r a d i o m e t n c  a s s a y  f o r  L D L ,  w h i c h  w a s  a m o r e  
s i m p l e  a n d  l e s s  t i m e - c o n s u m i n g  p r o c e d u r e  t h a n  t h a t  
p r o p o s e d  b y  P a t t o n  a n d  c o - w o r k e r s  T h e  a p o B  l e v e l s  g i v e n  
c o r r e l a t e d  w e l l  w i t h  L D L  c h o l e s t e r o l  m e a s u r e m e n t s  m a d e  
f r o m  t h e  s a m e  s a m p l e s  T h e  a u t h o r s  c o n c l u d e d  t h a t  t h e  
a s s a y ,  u s i n g  t h i s  a n t i b o d y ,  o f f e r e d  a  p r e c i s e  a n d  r a p i d  
m e t h o d  o f  m e a s u r i n g  L D L  i n  u n t r e a t e d  p l a s m a  s a m p l e s
1 4  1 4  M o n o c l o n a l  a n t i b o d i e s  a n d  a p o l i p o p r o t e m  B 
i s o l a t i o n
T h e  u s e  o f  m o n o c l o n a l  a n t i b o d i e s  m  t h e  i s o l a t i o n  o f  
a p o l i p o p r o t e i n - B - c o n t a i n i n g  l i p o p r o t e i n s  h a s  b e e n  e x p l o r e d  
b y  K o r e n  e t  a l », ( 1 9 8 6 )  T h e y  h a v e  r e p o r t e d  t h e  i s o l a t i o n  
o f  a h i g h  a f f i n i t y  m o n o c l o n a l  a n t i b o d y  w h i c h  r e a c t e d  w i t h  
a p o l i p o p r o t e m  B a n d  s h o w e d  i d e n t i c a l  b i n d i n g  a f f i n i t i e s  
f o r  a l l  m a j o r  a p o B - c o n t a i n i n g  d e n s i t y  c l a s s e s  a s  w e l l  a s  
B - 1 0 0  a n d  B - 4 8  m o l e c u l a r  f o r m s  o f  t h e  p r o t e i n  T h e  
a n t i b o d y  a l l o w e d  c o m p l e t e  r e m o v a l  o f  a l l  a p o l i p o p r o t e m  B 
f r o m  p l a s m a  o f  n o r m o l í p i d a e m i c  o r  h y p e r l i p i d a e m i c  
p a t i e n t s  T h e  c o m p a r a b l e  b i n d i n g  c h a r a c t e r i s t i c s  o f  t h e  
a n t i b o d y  t o  a p o B  on  n i t r o c e l l u l o s e  b l o t s  w i t h  t h a t  o f  
p o l y c l o n a l  a n t i b o d y  a g a i n s t  a p o B  l e d  t h e  a u t h o r s  t o  t h e  
c o n c l u s i o n  t h a t  t h e  e p i t o p e  w a s  u n i f o r m l y  e x p r e s s e d  o n  a l l
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a p o B  f o r m s  a n d  t h e y  d e s i g n a t e d  t h e i r  a n t i b o d y  a s  " p a n  B"  
a n t i b o d y  T h e  a n t i b o d y ,  , a l s o  b i n d s  t o  a d o m a i n  w h i c h  
i s  u n a f f e c t e d  b y  d e l i p i d a t i o n  o f  t h e  p r o t e i n  a n d  w h i c h  
d o e s  n o t  e x h i b i t  p o l y m o r p h i s m  a m o n g  i n d i v i d u a l s ,  a s  
e v i d e n c e d  b y  i t s  i d e n t i c a l  b i n d i n g  t o  p l a s m a  s a m p l e s  f r o m  
2 5  d i f f e r e n t ,  u n r e l a t e d  p e o p l e  L D L  a n d  V L D L  s e p a r a t e d  
f r o m  p l a s m a  b y  t h e  u s e  o f  a n  i m m u n o a f f m i t y  c o l u m n  w i t h  
t h e  " p a n  B"  a n t i b o d y  w e r e  c l o s e l y  s i m i l a r  m  l i p i d  a n d  
a p o l i p o p r o t e m  c o m p o s i t i o n ,  t o  t h o s e  i s o l a t e d  b y  
u l t r a c e n t r l f u g a t i o n  o r  w i t h  p o l y c l o n a l  a n t i b o d i e s .  T h e  
l i p o p r o t e i n s  i s o l a t e d  b y  t h e  a n t i b o d y  c o l u m n  w e r e  a l s o  
c o m p a r a b l e  m  s i z e  a n d  s h a p e ,  a s  j u d g e d  b y  e l e c t r o n  
m i c r o s c o p y ,  t o  t h o s e  o b t a i n e d  b y  u l t r a c e n t r i f u g a t i o n  o r  
w i t h  p o l y c l o n a l  a n t i b o d i e s  T h e  m o n o c l o n a l  a n t i b o d y  
o f f e r e d  m a j o r  a d v a n t a g e s  a s  a n  i m m u n o s o r b e n t  o v e r  
p o l y c l o n a l  a n t i b o d i e s
1 4  2 A n t i b o d i e s  a g a i n s t  a p o l i p o p r o t e m  E
A p a n e l  o f  5 m o n o c l o n a l  a n t i b o d i e s  a g a i n s t  a p o l i p o p r o t e m  
E w a s  r a i s e d  b y  M i l n e  e t  a l . , ( 1 9 8 1 ) ,  a n d  t h e y  w e r e  f o u n d  
t o  c o r r e l a t e  e x c e l l e n t l y  w i t h  m o u s e  p o l y c l o n a l  a n t i - a p o E  
s e r u m  i n  r a d i o i m m u n o a s s a y s  t o  m e a s u r e  p l a s m a  a p o E  l e v e l s  
W e i s g r a b e r  et_ a l v ( 1 9 8 3 )  , h a v e  u s e d  t h e  a n t i b o d i e s  t o  
i d e n t i f y  a n d  c h a r a c t e r i s e  t h e  r e c e p t o r - b i n d i n g  d o m a i n  o f  
t h e  p r o t e i n  O n e  a n t i b o d y ,  1 d 7 ,  i n h i b i t s  a p o E  d i m y n s t o y l  
p h o s p h a t i d y l  c h o l i n e  c o m p l e x e s  f r o m  b i n d i n g  t o  L DL  
r e c e p t o r s  on  c u l t u r e d  h u m a n  f i b r o b l a s t s  T h r o m b o l y t i c  
f r a g m e n t s  o f  a p o E  w e r e  g e n e r a t e d ,  a s  w e r e  c y a n o g e n  b r o m i d e  
c l e a v a g e  p r o d u c t s ,  a n d  r e c e p t o r  b i n d i n g  s t u d i e s  w i t h  t h e s e
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a r t i f i c i a l  a p o E  f r a g m e n t s  n a r r o w e d  t h e  l o c a t i o n  o f  t h e  
e p i t o p e  f o r  1 D7  t o  r e s i d u e s  1 2 9 - 1 6 9 ,  a n d  m o s t  l i k e l y ,  t o  
t h e  i m m e d i a t e  v i c i n i t y  o f  r e s i d u e  1 4 0 - 1 5 0  A m i n o  a c i d  
s u b s t i t u t i o n s  m  t h e s e  r e g i o n s  h a v e  a l s o  b e e n  i m p l i c a t e d  
m  t h e  l o s s  o f  r e c e p t o r  b i n d i n g  a c t i v i t y  o f  a p o E
1 4  3 A n t i b o d i e s  a g a i n s t  a p o l i p o p r o t e m  A - l
F o u r  h y p n d o m a s  s e c r e t i n g  m o n o c l o n a l  a n t i b o d y  a g a i n s t  
a p o l i p o p r o t e m  A - l  h a v e  b e e n  g e n e r a t e d  b y  W e e c h  e t  a l ., 
( 1 9 8 5 )  T h e  a p o p r o t e i n  u s e d  f o r  i m m u n i s a t i o n  w a s  m a d e  b y  
p r e p a r a t i v e  i s o e l e c t r i c  f o c u s s i n g  o f  H D L ^  T h e  a n t i b o d i e s  
r e a c t  w i t h  a l l  t h e  c h a r g e  p o l y m o r p h i s m s  o f  a p o A - 1 ,  
i n d i c a t i n g  t h a t  a l l  i s o f o r m s  o f  a p o A - 1  h a v e  a n t i g e n i c  
d e t e r m i n a n t s  i n  common T wo  o f  t h e  f o u r  a n t i b o d i e s  w e r e
i
f o u n d  t o  b e  r e a c t i n g  w i t h  t h e  s a m e  o r  a d j a c e n t  a n t i g e n i c  
d e t e r m i n a n t s
T h e  p o s i t i o n  o f  t h e  a n t i g e n i c  d e t e r m i n a n t s  w a s  f u r t h e r  
d e f i n e d  b y  r e a c t i n g  t h e  a n t i b o d i e s  t o  C N B r  f r a g m e n t s  o f  
a p o A - 1 ,  w h i c h  w e r e  s e p a r a t e d  o n  W e s t e r n  b l o t s  T h e  
a n t i b o d i e s  r e a c t e d  w i t h  d i f f e r e n t  f r a g m e n t s  
T h e  i m m u n o r e a c t i v e  p r o p e r t i e s  o f  a p o A - 1  f r o m  n o r m a l  a s  
w e l l  a s  T a n g i e r  d i s e a s e  p l a s m a  w e r e  c o m p a r e d ,  ( W e e c h  e t  
a l ., 1 9 8 5  ( b ) )  No a b n o r m a l i t i e s  i n  t h e  m o l e c u l a r  w e i g h t  
o f  T a n g i e r  a p o A - 1  w a s  f o u n d  T h e  e l e c t r o p h o r e t i c  p a t t e r n s  
f r o m  i s o e l e c t r i c  f o c u s s i n g  e x p e r i m e n t s  w e r e  a l s o  s i m i l a r  
f o r  b o t h  t y p e s  o f  a p o A - 1
A n t i b o d i e s  r e a c t e d  w i t h  C N B r - c l e a v e d  p r o t e i n s  f r o m  b o t h  
n o r m a l  a n d  T a n g i e r  p l a s m a  m  a  s i m i l a r  f a s h i o n
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1 5 S c r e e n i n g  t e c h n i q u e s
T h i s  s e c t i o n  d e s c r i b e s  s o m e  o f  t h e  p r o c e d u r e s  w h i c h  
w o r k e r s  m  t h e  f i e l d  o f  m o n o c l o n a l  a n t i b o d y  t e c h n o l o g y  
h a v e  d e v i s e d  t o  r a p i d l y  a n d  s u c c e s s f u l l y  s c r e e n  f o r  
m o n o c l o n a l  a n t i b o d i e s  a g a i n s t  a n t i g e n s  o f  t h e i r  p a r t i c u l a r  
i n t e r e s t
Among t h e  p r o b l e m s  e n c o u n t e r e d  w i t h  t h e  m o n o c l o n a l  
a n t i b o d y  t e c h n i q u e  i s  t h a t  o f  k n o w i n g  w h i c h  o f  t h e  
p o s i t i v e  h y b r l d o m a s  w i l l  b e  o f  p o t e n t i a l  i n t e r e s t  a f t e r  
t h e  i n i t i a l  s c r e e n i n g  M o n o c l o n a l  a n t i b o d i e s  h a v e  t h e  
a b i l i t y  t o  p i c k  o u t  o n e  a n t i g e n i c  d e t e r m i n a n t  o u t  o f  
t h o u s a n d s ,  f o r  i n s t a n c e  on  a c e l l  s u r f a c e ,  w h e r e  m a n y  
d i f f e r e n t  a n t i g e n s  a r e  p r e s e n t  o r  t h e  b i n d i n g  s i t e  o f  a 
r e c e p t o r  p r o t e i n ,  o r  t h e  a c t i v e  s i t e  o f  a n  e n z y m e  
S o m e t i m e s  m o n o c l o n a l  a n t i b o d i e s  a g a i n s t  o n e  p a r t i c u l a r  
p r o t e i n  f r o m  a p r o t e i n  m i x t u r e  a r e  r e q u i r e d  W i t h  s u c h  
c o m p l e x  s u b s t a n c e s  a s  i m m u n o g e n s  e a c h  f u s i o n  h a s  t h e  
p o t e n t i a l  f o r  m a n y  a n t i b o d i e s  o f  d i f f e r e n t  s p e c i f i c i t i e s  
a n d  o n l y  a  s m a l l  p e r c e n t  o f  t h e s e  a n t i b o d i e s  w i l l  b e  
d i r e c t e d  a g a i n s t  t h e  d e s i r e d  a n t  1 g e n e i c  d e t e r m i n a n t  
I f  t h e  s a m p l e  u s e d  f o r  t h e  s c r e e n i n g  i s  o f  t h e  s a m e  d e g r e e  
o f  p u r i t y  a s  i t  w a s  f o r  t h e  i m m u n i s a t i o n  i t  w i l l  n o t  b e  
p o s s i b l e  t o  k n o w  w h i c h  o f  t h e  r e s u l t a n t  p o s i t i v e  
h y b n d o m a s  t o  g r o w  u p  A t  t h i s  s t a g e  o f  t h e  f u s i o n  
e x p e r i m e n t  t i m e  b e c o m e s  i m p o r t a n t ,  b e c a u s e  
a n t i b o d y - s e c r e t i n g  h y b n d o m a s  ma y  b e c o m e  o v e r g r o w n  b y  
n o n - p r o d u c m g  v a r i a n t s  A l s o ,  t h e  c o n s t a n t  t h r e a t  t o  t h e
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c e l l s  o f  b a c t e r i a l  o r  f u n g a l  c o n t a m i n a t i o n ,  n o  m a t t e r  how  
c a r e f u l  t h e  o p e r a t o r ,  m a k e s  i t  e s s e n t i a l  t o  h a v e  t h e  
h y b n d o m a s  f r o z e n  a s  s o o n  a s  p o s s i b l e  O v e r g r o w t h  o f  
h y b n d o m a s  b y  n o n - p r o d u c i n g  v a r i a n t s  i s  a v o i d e d  b y  
c l o n i n g ,  b u t  a s  t h i s  i n c r e a s e s  t h e  w o r k l o a d  e x p o n e n t i a l l y  
i t  i s  o f  a d v a n t a g e  t o  k n o w  w h i c h  h y b n d o m a s  t o  c l o n e  
b e f o r e h a n d
I n  t h e  c a s e  o f  f u s i o n s  w h e r e  a n t i b o d i e s  a g a i n s t  o n e  
p a r t i c u l a r  p r o t e i n  f r o m  a m i x t u r e  a r e  r e q u i r e d ,  t h e r e  a r e  
t w o  s o l u t i o n s  t o  t h e  p r o b l e m  T h e  f i r s t  i s  t o  u s e  a 
p u r i f i e d  a n t i g e n  f o r  i m m u n i s a t i o n ,  t o  e n s u r e  t h e  
p r o d u c t i o n  o f  a n t i b o d i e s  d i r e c t e d  a g a i n s t  t h e  d e s i r e d  
d e t e r m i n a n t  T h e  s e c o n d  s o l u t i o n  i s  t o  d e v e l o p  a 
s c r e e n i n g  p r o c e d u r e  w h i c h  i s  a t  a l e v e l  o f  s o p h i s t i c a t i o n  
t o  r a p i d l y  s e l e c t  o n l y  t h e  m o n o c l o n a l  a n t i b o d i e s  o f  
p o t e n t i a l  i n t e r e s t
T r a c y  e t  a l . ,  ( 1 9 8 3 ) ,  r a i s e d  a p a n e l  o f  m o n o c l o n a l
a n t i b o d i e s  a g a i n s t  a p r o t e i n  e x t r a c t  o f  w h o l e  h u m a n  u r i n e
a n d  f o u n d  t h a t  m o s t  o f  t h e  a n t i b o d i e s  w e r e  d i r e c t e d
a g a i n s t  a l b u m i n ,  w h e n  t h e y  h a d  h o p e d  t o  p r o d u c e  a n t i b o d i e s
w i t h  a w i d e  r a n g e  o f  s p e c i f i c i t i e s  T h e y  d e v e l o p e d  a
m e t h o d  o f  s e p a r a t i n g  u r i n e  p r o t e i n s  o n  2 - d i m e n s i o n a l  g e l
e l e c t r o p h o r e s i s  b e f o r e  c u t t i n g  o u t  t h e  C o o m a s s i e
b l u e s t a i n e d  p r o t e i n  s p o t s  f o r  h o m o g e n i s a t i o n  a n d
i m m u n i s a t i o n  S t a i n e d  p r o t e i n  s p o t s  w e r e  a l s o  p r e p a r e d
f o r  s c r e e n i n g  b y  h o m o g e n i s a t i o n  i n  g u a n i d i n i u m  c h l o r i d e
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a n d  t h e n  l a b e l l e d  w i t h  I  T h e  t e c h n i q u e s  a l l o w e d  t h e  
p r o d u c t i o n  o f  m o n o c l o n a l  a n t i b o d i e s  a g a i n s t  a s p e c i f i c
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p r o t e i n  c o m p o n e n t  o f  a c o m p l e x  m i x t u r e ,  e v e n  w h e n  t h i s  
p r o t e i n  w a s  m  t h e  p r e s e n c e  o f  o t h e r ,  m o r e  i m m u n o  d o m i n a n t  
p r o t e i n s
A n o t h e r  p o s s i b l e  r e m e d y  t o  t h e  p r o b l e m  o f  c o p i n g  w i t h  t h e  
l a r g e  n u m b e r  o f  h y b n d o m a s  w h i c h  ma y  b e  p r e s e n t  a f t e r  t h e  
i n i t i a l  s c r e e n i n g  i s  t h e  t e c h n i q u e  o f  d i r e c t l y  f r e e z i n g  
t h e  f u s e d  c e l l s  a s  a m e a n s  o f  w o r k l o a d  d i s t r i b u t i o n  
H a r w e l l  e t  a L , ( 1 9 8 4 ) ,  f o u n d  t h i s  m e t h o d  h e l p f u l ,  a n d  t h e  
h y b n d o m a s  w e r e  r e c o v e r e d  s u c c e s s f u l l y  o n  t h a w i n g  T h e  
t e c h n i q u e  e n a b l e s  t h e  o p e r a t o r  t o  p e r f o r m  o n e  f u s i o n  w i t h  
a l a r g e  n u m b e r  o f  c e l l s  A f t e r  f u s i o n  t h e  c e l l s  a r e  
d i s t r i b u t e d  i n t o  s e v e r a l  g r o u p s  a n d  f r o z e n  E a c h  v i a l  c a n  
b e  t h a w e d  i n d i v i d u a l l y  a n d  d i l u t e d  t o  a l a r g e  v o l u m e  t o  
a c h i e v e  e a r l y  m o n o c l o n a l i t y  o f  t h e  c e l l s  O n e  a l s o  h a s  
t i m e  t o  m o d i f y  t h e  s c r e e n i n g  t e c h n i q u e ,  i f  d e s i r e d ,  b e f o r e  
t h e  n e x t  t h a w i n g
A n o v e l  m e t h o d  o f  g e n e r a t i n g  h i g h  a f f i n i t y  m o n o c l o n a l  
a n t i b o d i e s  o f  a d e s i r e d  s p e c i f i c i t y  w a s  p r o p o s e d  b y  L o  e t  
a l », ( 1 9 8 4 )  T h e y  i n t r o d u c e d  a n  e l e c t n c a l l y - i n d u c e d  
f u s i o n  t e c h n i q u e ,  w h i c h  m a d e  u s e  o f  t h e  f a c t  t h a t  B - c e l l s  
e x p r e s s ,  o n  t h e i r  s u r f a c e ,  a n  a n t i g e n  r e c e p t o r  
i m m u n o g l o b u l i n  o f  t h e  s a m e  a n t i g e n i c  s p e c i f i c i t y  a s  t h e  
s e c r e t e d  a n t i b o d y  T h e  a u t h o r s  c o u p l e d  a n t i g e n  t o  a v i d m  
b e f o r e  a l l o w i n g  i t  t o  r e a c t  w i t h  B c e l l s  f r o m  m i c e  
p r e v i o u s l y  i m m u n i s e d  w i t h  t h e  a n t i g e n  M y e l o m a  c e l l s  w e r e  
a l l o w e d  t o  r e a c t  w i t h  a  N - h y d r o x y s u c c  m i m i d e  d e r i v a t i v e  o f  
D - b i o t i n  i n  o r d e r  t o  c o u p l e  t h e  b i o t i n  t o  t h e  c e l l s  When  
t h e  m y e l o m a  a n d  B - c e l l s  w e r e  i n c u b a t e d  t o g e t h e r  a t  4 ° C  t h e
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b i o t i n y l a t e d  m y e l o m a  c e l l s  a d h e r e d  t o  t h o s e  B - c e l l s  w h i c h  
h a d  t h e  a n t l g e n - a v i d m  c o m p l e x e s  b o u n d  t o  t h e i r  s u r f a c e  
i m m u n o g l o b u l i n s  T h e  c e l l s  w e r e  t h e n  s u s p e n d e d  m  s u c r o s e  
a n d  e x p o s e d  t o  a t r a n s i e n t  e l e c t r i c  f i e l d  g e n e r a t e d  b y  a 
h i g h  v o l t a g e  p u l s e  g e n e r a t o r ,  w h i c h  a l l o w e d  f u s i o n  o f  
c e l l s  F u s e d  c e l l s  w e r e  t h e n  p l a t e d  a n d  c u l t u r e d  i n  
m e d i u m  c o n t a i n i n g  a m i n o p t e r m  W e l l s  c o n t a i n i n g  g r o w i n g  
h y b r i d s  w e r e  s c r e e n e d  f o r  a n t i b o d y  p r o d u c t i o n  T h e  t w o  
m a i n  a d v a n t a g e s  o f  t h e  p r o c e d u r e  w e r e  t h a t  v e r y  s m a l l  
a m o u n t s  o f  a n t i g e n  c o u l d  b e  u s e d  a n d  t h e  s p e c i f i c i t y  o f  
t h e  f u s i o n  t e c h n i q u e  e n s u r e d  t h a t  n o  h y b n d o m a s  a g a i n s t  
i r r e l e v a n t  a n t i g e n s  w e r e  p r o d u c e d
M a n y  p e o p l e ,  i n c l u d i n g  L o c k e r  e t  a l ,  ( 1 9 8 3 )  a n d  H o l m b e r g  
e t  a l ,, ( 1 9 8 3 ) ,  h a v e  p u t  f o r w a r d  r a p i d  n e w  t e c h n i q u e s  f o r  
t h e  i n i t i a l  s c r e e n i n g  o f  h y b n d o m a  s u p e r n a t a n t  f o r  
a n t i b o d y  T h a t  d e s c r i b e d  b y  H o l m b e r g  e t  a l .  i n v o l v e d  
b i n d i n g  o f  c u l t u r e  s u p e r n a t a n t s  t o  s m a l l  s q u a r e  a r e a s  o f  
n i t r o c e l l u l o s e  f i l t e r s  f o l l o w e d  b y  d e t e c t i o n  w i t h  
r a d i o l a b e l l e d  a n t i g e n  T h i s  m e t h o d  w a s  s i m p l e ,  r a p i d  a n d  
v e r s a t i l e  t o  v a r i o u s  d e t e c t i o n  s y s t e m s  a n d  i l l u s t r a t e d  
t h e  u s e  o f  n i t r o c e l l u l o s e  m e m b r a n e s  i n  a s c r e e n i n g  a s s a y  
T h e r e  a r e  m a n y  o t h e r  a s p e c t s  m  s i m p l i f y i n g  a n d  i m p r o v i n g  
t h e  f u s i o n  p r o c e d u r e  , i n c l u d i n g  t h e  u s e  o f  i n t r a - s p l e n i c  
i m m u n i s a t i o n s  T h i s  w i l l  s h o r t e n  t h e  t i m e  i n v o l v e d ,  
r e q u i r e  l e s s  a n t i g e n  a n d  p r o d u c e  a n t i b o d i e s  o f  h i g h  
a f f i n i t y  a n d  s p e c i f i c i t y
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1 6 The a p p l i c a t i o n  o f  m o n o c l o n a l  a n t i b o d i e s  t o  t h e
c h a r a c t e r i s a t i o n  o f  e p i t o p e  s t r u c t u r e
T h e  c h a r a c t e r i s a t i o n  o f  d e t e r m i n a n t s  f o r  a p a n e l  o f
m o n o c l o n a l  a n t i b o d i e s  a g a i n s t  a g i v e n  a n t i g e n  h a s  b e e n
a p p r o a c h e d  b y  w o r k e r s  m  v a r i o u s  w a y s  Wh e n  d e t e r m i n i n g
w h e t h e r  t w o  a n t i b o d i e s  r e a c t  w i t h  t h e  s a m e  o r  d i f f e r e n t
a n t i g e n i c  d e t e r m i n a n t s  o n  a n  a n t i g e n i c  s u r f a c e ,  o n e  common
m e t h o d  i s  t o  h a v e  o n e  a n t i b o d y  l a b e l l e d  a n d  a l l o w e d  t o
b i n d  t o  i t s  a n t i g e n  a t  a  f i x e d  c o n c e n t r a t i o n  i n
c o m p e t i t i o n  w i t h  v a r y i n g  a m o u n t s  o f  u n l a b e l l e d  a n t i b o d y
W a g e n e r  e t  a l ,  ( 1 9 8 3 ) ,  r a i s e d  a p a n e l  o f  m o n o c l o n a l
a n t i b o d i e s  a g a i n s t  c a r c i n o e m b r y o n i c  a n t i g e n  ( C E A )  a n d
d e t e r m i n e d  t h e i r  e p i t o p e  s p e c i f i c i t i e s  b y  l a b e l l i n g
121p u r i f i e d  m o n o c l o n a l  i g G  w i t h  I  a n d  a d d i n g  a c o n s t a n t  
a m o u n t  o f  l a b e l l e d  a n t i b o d y  t o  d o u b l i n g  d i l u t i o n s  o f
}
u n l a b e l l e d  a n t i b o d y  b e f o r e  a l l o w i n g  t h i s  m i x t u r e  t o  b i n d  
CEA a n t i g e n  w h i c h  w a s  p r e v i o u s l y  c o a t e d  on  a 9 6 - w e l l  
m i c r o - t i t r e  p l a t e  I n h i b i t i o n  o f  b i n d i n g  o f  l a b e l l e d  
a n t i b o d y  b y  u n l a b e l l e d  a n t i b o d y  w a s  e x p r e s s e d  a s  t h e  
p e r c e n t  o f  t h e  b i n d i n g  o f  l a b e l l e d  a n t i b o d y  m  t h e  a b s e n c e  
o f  u n l a b e l l e d  a n t i b o d y  T h i s  t e c h n i q u e  e n a b l e d  t h e  
a u t h o r s  t o  j u d g e  w h i c h  a n t i b o d i e s  b o u n d  t o  d i f f e r e n t  
e p i t o p e s ,  a n d  s u g g e s t e d  t h a t  t h i s  a p p r o a c h  c o u l d  b e  
a p p l i c a b l e  i n  g e n e r a l  i n  t h e  s c r e e n i n g  o f  m o n o c l o n a l  
a n t i b o d i e s  f o r  e p i t o p e  s p e c i f i c i t y
W a t t  a n d  W a t t ,  ( 1 9 8 3 ) ,  t e s t e d  t h e  s p e c i f i c i t y  o f  t h e i r  
m o n o c l o n a l  a n t i b o d y  p a n e l  u s i n g  a s i m i l a r  i d e a  T h e i r
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a n t i b o d i e s  w e r e  r a i s e d  a g a i n s t  l o w  d e n s i t y  l i p o p r o t e i n  
T h e  d i f f e r e n c e  m  t h e i r  m e t h o d ,  h o w e v e r ,  w a s  t h a t  t h e y  
u s e d  a n  a f f i n i t y - p u r i f i e d  b i o t m y l a t e d  a n t i b o d y  a n d  
a l l o w e d  i t  c o m p e t e  f o r  L D L  b i n d i n g  w i t h  v a r y i n g  a m o u n t s  o f  
u n l a b e l l e d  a n t i b o d i e s  i n  a n  E L I S A  m  w h i c h  t h e  d e t e c t i o n  
s y s t e m  i n v o l v e d  a v i d m - p e r o x i d a s e  T h e  v e r y  h i g h  a f f i n i t y  
w i t h  w h i c h  b i o t i n  b i n d s  a v i d i n  m a d e  t h e  a s s a y  s e n s i t i v e  
a n d  t h e  p r o c e d u r e  w a s  l e s s  h a z a r d o u s  b e c a u s e  n o  
r a d i o a c t i v e  l a b e l  w a s  i n c l u d e d  M i l n e  e t  a.1,  ( 1 9 8 3 ) ,  
d e v i s e d  a s i m p l e r  a p p r o a c h  t o  t h i s  p r o b l e m ,  a n d  a d a p t e d  a 
m e t h o d  o f  F i s h e r  a n d  B r o w n ,  ( 1 9 8 0 ) ,  t o  s o l u b l e  a n t i g e n s  
T h e i r  a n t i b o d i e s  w e r e  r a i s e d  a g a i n s t  h u m a n  LDL  a n d  t h e y  
w e r e  t e s t e d  i n  a  s o l i d  p h a s e  R I A  u n d e r  c o n d i t i o n s  w h e r e  
t h e  L D L  u s e d  t o  c o a t  t h e  m i c r o - t i t r e  p l a t e s  w a s  a t  a l o w  
e n o u g h  c o n c e n t r a t i o n  t o  m a k e  i t  t h e  l i m i t i n g  r e a c t a n t  i n  
t h e  a s s a y  Two d i f f e r e n t  l a b e l l e d  a n t i b o d i e s  w e r e  m i x e d  
i n  a o n e - t o - o n e  r a t i o  b e f o r e  b e i n g  a d d e d  t o  t h e  w e l l s  
A n t i b o d i e s  w h i c h  r e a c t e d  w i t h  d i f f e r e n t  d e t e r m i n a n t s  b o u n d  
i n  a n  a d d i t i v e  m a n n e r  w i t h  a  m a x i m u m  r a d i o a c t i v i t y  t h a t  
w a s  h i g h e r  t h a n  t h a t  f o r  e a c h  a n t i b o d y  b o u n d  i n d i v i d u a l l y .  
A n t i b o d i e s  w h i c h  r e a c t e d  w i t h  t h e  s a m e  d e t e r m i n a n t  b o u n d  
w i t h  a m a x i m u m  r e a c t i v i t y  t h a t  w a s  n o  g r e a t e r  t h a n  t h a t  
f o r  e a c h  a n t i b o d y  b o u n d  i n d i v i d u a l l y  T h e  s a m e  a u t h o r s  
h a v e  a l s o  e x a m i n e d  t h e  a n t i g e n i c  d e t e r m i n a n t  s t r u c t u r e  on  
L D L  b y  e x p e r i m e n t s  w h i c h  i n v o l v e d  c h e m i c a l l y  m o d i f y i n g  t h e  
p r o t e i n .  C a r b a m y l a t i o n , c y c l o h e x a n e d i o n e  t r e a t m e n t  a n d  
r e d u c t i v e  m e t h y l a t i o n  o f  LDL  w e r e  a l l  c a r r i e d  o u t  b e f o r e  
r e a c t i o n  w i t h  t h e  a n t i b o d i e s  i n  o r d e r  t o  d i s t i n g u i s h  a n y
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d i f f e r e n c e  i n  t h e  a n t i b o d i e s  s p e c i f i c i t i e s ,  b e f o r e  a n d  
a f t e r  m o d i f i c a t i o n
The chemically modified LDL was allowed to compete with 
1 ? 5
I - l a b e l l e d  c o n t r o l  L D L  m  a s o l i d  p h a s e  r i a  O f  t h e i r
s e v e n  a n t i b o d i e s  t e s t e d ,  2 s h o w e d  v e r y  l i t t l e  r e a c t i v i t y
w i t h  c y c l o h e x a n e  d i o n e - t r e a t e d  L D L ,  s u g g e s t i n g  t h a t  a n
a r g i n i n e  r e s i d u e  w a s  p r e s e n t  m  t h e  a n t i g e n i c  d e t e r m i n a n t s
for those antibodies These determinants were also shown
t o  b e  s e n s i t i v e  t o  c a r b a m y l a t i o n , a r e a c t i o n  w h i c h  m a i n l y
i n v o l v e s  l y s i n e  r e s i d u e s ,  w h i l e  t h e  d e t e r m i n a n t s  f o r  a l l
t h e  a n t i b o d i e s  w e r e  s e n s i t i v e  t o  r e d u c t i v e  m e t h y l a t i o n
The Fab fragments of five of the antibodies were shown to 
1 2 5i n h i b i t  I - L D L  b i n d i n g  t o  h u m a n  f i b r o b l a s t  r e c e p t o r s ,  
s u g g e s t i n g  t h a t  t h e y  r e a c t e d  w i t h  d e t e r m i n a n t s  w h i c h  
i n v o l v e d  t h e  r e c e p t o r - b i n d i n g  s i t e  o f  a p o p r o t e i n  B W a t t  
a n d  W a t t ,  ( 1 9 8 3 ) ,  d e s c r i b e  e x p e r i m e n t s  m  w h i c h  t h e  
i m m u n o r e a c t l v i t l e s  o f  t h e  a n t i b o d i e s  w e r e  a s s e s s e d  a f t e r  
d e l i p i d a t i o n  o f  a p o l i p o p r o t e m  B i n  b o t h  SDS ( a  d e n a t u r i n g  
d e t e r g e n t )  a n d  p o l y o x y e t h y l e n e - 9 - l a u r y l  e t h e r  ( C 1 2 E 9 ) ,  a 
n o n - i o n i c  d e t e r g e n t  k n o w n  t o  m a i n t a i n  t h e  s e c o n d a r y  
s t r u c t u r e  o f  t h e  p r o t e i n  I n  E L I S A ' s ,  t h r e e  o f  t h e i r  s i x  
a n t i b o d i e s  s h o w e d  p a r t i a l  o r  c o m p l e t e  l o s s  o f  r e a c t i v i t y  
w i t h  S D S - d e l i p i d a t e d  a p o B  w h i l e  a l l  s i x  w e r e  s t i l l  
r e a c t i v e  w i t h  t h e  a p o p r o t e i n  a f t e r  i t  w a s  p r e p a r e d  i n  t h e  
n o n - i o n i c  d e t e r g e n t  t w o  o f  t h e  a n t i b o d i e s  b o u n d  
S D S - d e l i p i d a t e d  a p o B  w i t h  g r e a t e r  r e a c t i v i t y  t h a n  w i t h  t h e  
u n d e l i p i d a t e d  c o n t r o l ,  s u g g e s t i n g  t h a t  t h e  r e a c t i v e  s i t e s  
w e r e  s t e n c a l l y  b l o c k e d  i n  n a t i v e  L D L ,  a n d  b e c a m e  m o r e
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a c c e s s i b l e  a f t e r  SDS t r e a t m e n t
T h e  c a p a c i t y  o f  m o n o c l o n a l  a n t i b o d i e s  t o  d i s t i n g u i s h  
b e t w e e n  c l o s e l y  r e l a t e d  p r o t e i n s  wa s  i n v e s t i g a t e d  b y  
S l a u g h t e r  e t  a l . , ( 1 9 8 1 ) ,  u s i n g  a p a n e l  o f  a n t i b o d i e s  
d i r e c t e d  a g a i n s t  h u m a n  p l a c e n t a l  a l k a l i n e  p h o s p h a t a s e ,  a n  
e n z y m e  w h i c h  e x h i b i t s  a l l e l i c  v a r i a t i o n  T h e  v a r i a n t s ,  
w h i c h  a r e  d e t e r m i n e d  b y  a s e r i e s  o f  a l l e l e s  a t  a s i n g l e  
g e n e t i c  l o c u s ,  c a n  b e  d i s t i n g u i s h e d  e l e c t r o p h o r e t i c a l l y , 
a n d  s i x  c ommon p h e n o t y p e s  o c c u r  i n  t h e  h u m a n  p o p u l a t i o n  
T h u s ,  a v a l u a b l e  e x p e r i m e n t a l  s y s t e m  f o r  t e s t i n g  t h e  
a b i l i t y  o f  m o n o c l o n a l  a n t i b o d i e s  t o  d i s t i n g u i s h  c l o s e l y  
r e l a t e d  m e m b e r s  o f  a s e t  o f  h o m o l o g o u s  p r o t e i n s  i s  
p r o v i d e d  T h e  s i x  a n t i b o d i e s  t h a t  t h e y  r a i s e d  w e r e  t e s t e d  
b y  c o m p a r i n g  t h e i r  b i n d i n g  w i t h  a s a m p l e  a l k a l i n e  
p h o s p h a t a s e  ( f r o m  p l a c e n t a l  e x t r a c t )  t o  t h a t  w i t h  a 
s t a n d a r d ,  w h i c h  w a s  t h e  p u r i f i e d  t y p e  1 v a r i a n t  o f  
a l k a l i n e  p h o s p h a t a s e  T h e  a u t h o r s  d e m o n s t r a t e d  t h a t  t h e  
a n t i b o d i e s  c o u l d  s u c c e s s f u l l y  d i s c r i m i n a t e  b e t w e e n  t h e  
p r o d u c t s  o f  t h e  t h r e e  c ommon e l e c t r o p h o r e t i c a l l y  d e f i n e d  
a l l e l i c  f o r m s  o f  p l a c e n t a l  a l k a l i n e  p h o s p h a t a s e  I n  
a d d i t i o n ,  t h e y  p r o v i d e d  e v i d e n c e  f o r  p o l y m o r p h i s m  w h i c h  
c o u l d  n o t  b e  d e f i n e d  e l e c t r o p h o r e t i c a l l y  F o r  e x a m p l e ,  
o n e  a n t i b o d y  b o u n d  a d e t e r m i n a n t  w h i c h  w a s  p r e s e n t  o n  t h e  
e l e c t r o p h o r e t i c a l l y  d e f i n e d  t y p e  1 v a r i a n t  i n  a m a n n e r  
w h i c h  s u g g e s t e d  t h a t  t w o  a n t i g e n i c  f o r m s  o f  t h e  
d e t e r m i n a n t  e x i s t e d  a m o n g  t h e  p o p u l a t i o n ,  o n e  b i n d i n g  t h e  
a n t i b o d y  w i t h  a s l i g h t l y  h i g h e r  a f f i n i t y  t h a n  t h e  o t h e r
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1 7 E p i t o p e  c h a r a c t e r i s a t i o n  and i m m u n o b l o t t i n g
T h e  p u b l i c a t i o n  b y  T o w b i n  e t  a j L ,  ( 1 9 7 9 ) ,  o f  a  m e t h o d  f o r  
t h e  t r a n s f e r  o f  p r o t e i n s  f r o m  g e l  e l e c t r o p h o r e t o g r a m s  t o  
n i t r o c e l l u l o s e  d e s c r i b e d  a t e c h n i q u e  w h i c h  c o m b i n e d  t h e  
h i g h  r e s o l u t i o n  e l e c t r o p h o r e t i c  s e p a r a t i o n  o f  p r o t e i n  
m i x t u r e s  w i t h  t h e  a b i l i t y  t o  p r o b e  s u c h  s e p a r a t e d  
p r o t e i n s ,  i m m u n o c h e m i c a l l y  o r  o t h e r w i s e ,  m  a s t r a i g h t  
f o r w a r d  m a n n e r
T h e  t e c h n i q u e ,  w h i c h  B u r n e t t e ,  ( 1 9 8 1 ) ,  h a s  t e r m e d  " W e s t e r n  
B l o t t i n g " ,  h a s  f o u n d  e x t e n s i v e  u s e  i n  t h e  e p i t o p e  
c h a r a c t e r i s a t i o n  o f  a p o l i p o p r o t e i n  a n t i g e n s  w i t h  
m o n o c l o n a l  a n t i b o d i e s ,  i n  p a r t i c u l a r  w i t h  a p o B  I t  h a s  
a l l o w e d  M a r c e l  e t  a l . , ( 1 9 8 2 ) ,  t o  d e t e r m i n e ,  f i r s t l y ,  w h i c h  
a n t i b o d i e s  r e a c t e d  w i t h  w h i c h  o f  t h e  a p o l i p o p r o t e i n  B 
s p e c i e s  a n d  s e c o n d l y ,  b y  u s i n g  t r y p t i c  f r a g m e n t s ,  t h e  
p o s i t i o n  o f  t h e  a n t i g e n i c  d e t e r m i n a n t s  r e l a t i v e  t o  e a c h  
o t h e r  T h e  p r i n c i p l e  w a s  a p p l i e d  t o  a p o l i p o p r o t e i n  A - l  
f r a g m e n t s ,  a f t e r  i t s  c l e a v a g e  b y  C N B r , b y  t h e  s a m e  
a u t h o r s
T h u s  i m m u n o b l o t t i n g  h a s ,  f i r s t  o f  a l l ,  c o n f i r m e d  f i n d i n g s  
m a d e  t h r o u g h  c o - t i t r a t i o n  e x p e r i m e n t s  on  t h e  e p i t o p e  
s p e c i f i c i t y  o f  t h e  m o n o c l o n a l  a n t i b o d i e s  a n d  t h e n  e n h a n c e d  
t h o s e  f i n d i n g s  b y  a l l o w i n g  t h e  a u t h o r s  t o  c o n s t r u c t  a 
p h y s i c a l  map  o f  t h e  a n t i g e n i c  d e t e r m i n a n t s  o n  t h e  
a p o l i p o p r o t e i n s
T h e  l o w  d e n s i t y  l i p o p r o t e i n  r e c e p t o r  h a s  b e e n  i d e n t i f i e d  
b y  l i g a n d  b l o t t i n g  u s i n g  b i o t i n y l a t e d  LDL  ( W a d e  e t  a l . ,
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T O R
1 9 8 5 )  o r  I - L D L  ( K r o o n  e t  a l ,  1 9 8 4 ) ,  a t e c h n i q u e  w h i c h  
e l i m i n a t e s  t h e  u s e  o f  s p e c i f i c  a n t i b o d i e s  T h e  m e t h o d  
p r o v i d e s  a s i m p l e  m e a n s  o f  d e t e c t i n g  a n d  q u a n t i t a t i n g  t h e  
L D L  r e c e p t o r  i n  i n d i v i d u a l s  a n d  t h u s  t h e  e f f e c t s  o f  
d i e t a r y  o r  d r u g - i n d u c e d  c h a n g e s  i n  L D L  r e c e p t o r  
c o n c e n t r a t i o n  i n  c e l l  e x t r a c t s  c a n  b e  e x a m i n e d
Aims of this Project
The aim of this project was the production and 
characterisation of monoclonal antibodies against a range 
of lipoprotein apoproteins with the view to developing 
them for use m  solid phase immunoassays for the
quantitation of both single and combined apoproteins The
antibodies would also be assessed as to their usefulness 
m  detecting lipoprotein defects
This thesis will critically examine the success and 
efficiency of the fusion and screening procedures for the 
production and detection of specific antibodies A novel 
method of rapidly selecting antibodies of potential
interest will be reported Findings from studies in which
the molecular nature of the antigenic determinant for the
antibodies, in which blotting and immunodetection was the 
experimental basis,'Will also be described and the 
simplicity and versatility of this technique will be 
assessed
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Chapt er  2
M A T E R I A L S
a n d
METHODS
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A l l  c e l l  c u l t u r e  m e d i a ,  s e r a  a n d  s u p p l e m e n t s  ( e x c e p t  
N a H C O ^ ) w e r e  s u p p l i e d  b y  G i b c o  E u r o p e  L t d  , P a i s l e y ,  
R e n f r e w s h i r e , S c o t l a n d
C e l l  c u l t u r e  f l a s k s ,  d i s h e s ,  t u b e s ,  2 4 - w e l l  p l a t e s  a n d  
c r y o t u b e s  w e r e  s u p p l i e d  b y  N u n c  L t d  , D e n m a r k  
9 6 - w e l l  c e l l  c u l t u r e  p l a t e s  a n d  l i d s ,  c e n t r i f u g e  t u b e s ,  
s y r i n g e s  a n d  n e e d l e s  w e r e  s u p p l i e d  b y  B e c t o n  D i c k e n s o n ,  
O x n a r d ,  C a l i f o r n i a
10m l  p i p e t t e s ,  u n i v e r s a l  c o n t a i n e r s  a n d  o t h e r  p l a s t i c  
d i s p o s a b l e s  w e r e  s u p p l i e d  b y  S t e n l i n  L t d ,  F e l t h a m ,  
M i d d l e s e x , E n g l a n d
T h e  f o l l o w i n g  c h e m i c a l s  w e r e  s u p p l i e d  b y  S I G M A  C h e m i c a l  
C o ,  P o o l e ,  D o r s e t ,  u K E t h y l e n e d i a m i n e t e t r a a c e t i c  a c i d
( E D T A ) B o v i n e  s e r u m  a l b u m i n  ( B S A ) , e t h i d i u m  b r o m i d e ,  
a c n d m e  o r a n g e ,  p o l y e t h y l e n e  g l y c o l  ( P E G ) ,  h y p o x a n t h m e , 
t h y m i d i n e ,  a m i n o p t e n n ,  o - p h e n y l e n e  d i a m i n e ,  t h i m e r o s a l ,  
9 - a m m o - 3 - e t h y l  c a r b a z o l e ,  m o l e c u l a r  w e i g h t  m a r k e r s  ( c a t  
n o  S D S - 7 ) ,  m y o s i n ,  p h o s p h o r y l a s e  b ,  C o o m a s s i e  b r i l l i a n t
v
b l u e ,  t r y p s i n ,  b e t a - g a l a c t o s i d a s e , p e p s i n ,  s o y b e a n  t r y p s i n
i n h i b i t o r ,  t y p e  1 1  l i p a s e ,  n e u r a m i n i d a s e ,  t y p e  X I  p r o t e a s e
( p r o t e i n a s e  K ) ,  g u a n i d i n e  h y d r o c h l o r i d e  í o d o a c e t a m i d e ,
p h e n y l m e t h y l s u l p h o n y 1 f l u o r i d e  ( P M S F ) ,
o c t y l g l u c o p y r a n o s i d e , 4 - c h l o r o - l - n a p h t h o l  a n d  b i o t i n
h y d r a z i d e
T h e  f o l l o w i n g  w e r e  s u p p l i e d  b y  BDH C h e m i c a l s  L t d  P o o l e ,  
E n g l a n d  S o d i u m b i c a r b o n a t e , d i m e t h y l  s u l p h o x i d e ,  g l y c i n e ,  
h y d r o g e n  p e r o x i d e ,  c i t r i c  a c i d ,  d i - s o d i u m
2 0 M a t e r i a l s
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h y d r o g e n p h o s p h a t e , s o d i u m  d i - h y d r o g e n p h o s p h a t e , s o d i u m  
a c e t a t e , a c r y l a m i d e , b i s a c r y l a m i d e , s o d i u m  d o d e c y l  
s u l p h a t e ,  N , N , N ^ , N ^  t e t r a m e t h y l e t h y l e n e  d i a m i n e  ( T E M E D ) , 
a m m o n i u m  p e r s u l p h a t e ,  s u c r o s e ,  b e t a - m e r c a p t o e t h a n o l , 
t r i c h l o r o a c e t i c  a c i d ,  g l u t a r a l d e h y d e , a m m o n i a ,  s o d i u m  
h y d r o x i d e ,  s i l v e r  n i t r a t e ,  f o r m a l d e h y d e ,  a c e t i c  a c i d ,
b a r b i t o n e  ( d i e t h y l  b a r b i t u r i c  a c i d ) ,  s u l p h o s a l i c y l i c  a c i d ,
\
i s o p r o p a n o l ,  c a l c i u m  c h l o r i d e ,  b o r i c  a c i d ,  
s o d i u m - m - p e r l o d a t e , a m m o n i u m  s u l p h a t e ,  m a l e i c  a c i d ,  
t n t o n - X  1 0 0 ,  g l y c e r o l  a n d  T w e e n  20
R e a g e n t s  f o r  P r o t e i n  A - a g a r o s e  c h r o m a t o g r a p h y  a n d  DEAE  
A f f i - G e l  B l u e  c h r o m a t o g r a p h y  a n d  a p p a r a t u s  w e r e  s u p p l i e d  
b y  B I O R A D  L a b o r a t o r i e s ,  2 2 0 0  W r i g h t  A v e n u e ,  R i c h m o n d ,  
C a l i f o r n i a ,  U S A
P o t a s s i u m  b r o m i d e  a n d  h e x a n e  w e r e  s u p p l i e d  b y  M a y  a n d  
B a k e r  L t d  , D a g e n h a m ,  E n g l a n d
P h o s p h a t e  b u f f e r e d  s a l i n e  t a b l e t s  ( D u l b e c c o  A )  w e r e  
s u p p l i e d  b y  O x o i d  L t d  , E n g l a n d
P n s t a n e  ( 2 , 6 , 1 0 , 1 4  t e t r a m e t h y l p e n t a d e c a n e ) , a n d  s o d i u m  
b o r o h y d n d e  w a s  s u p p l i e d  b y  A l d r i c h  Chem Co L t d  , 
G i l l i n g h a m ,  D o r s e t ,  u K
N i t r o c e l l u l o s e  w a s  s u p p l i e d  b y  S c h l e i c h e r  a n d  S c h u l l  L t d  , 
D - 3 3 5 4  D a s s e l ,  W G e r m a n y
M e t h a n o l  a n d  e t h a n o l  w e r e  s u p p l i e d  b y  R e i d e l  d e  H a £ n ,  
A k t i e n g e s e l l s c h a f t , W u n s t o r f e r  S t r a B e  4 0 ,  D - 3 0 1 6  S e e l z e  
1 / H a n n o v e r , W G e r m a n y
A g a r o s e  w a s  s u p p l i e d  b y  P h a r m a c i a  ( U K )  L t d  , M i l t o n  
K e y n e s ,  B u c k s ,  U K
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A m i d o  B l a c k  a n d  S u d a n  B l a c k  B w e r e  s u p p l i e d  b y  G u r r  L t d  , 
L o n d o n , E n g l a n d
P e r o x i d a s e - c o n j u g a t e d  r a b b i t  a n t  1 - m o u s e  i m m u n o g l o b u l i n s  
w a s  s u p p l i e d  b y  DAKO L t d  , S k y t t e g a d e  7 ,  D K - 2 2 0 0  
C o p e n h a g e n ,  N D e n m a r k
P e r o x i d a s e - c o n j u g a t e d  s w i n e  a n t i  g o a t  l g G  wa s  s u p p l i e d  b y  
T A G O , I n c  8 8 7  M i l t e n  R o a d ,  B u r l i n g a m e ,  C a l i f o r n i a  9 4 0 1 1 ,  
U S A
G o a t  a n t i - h u m a n  a l p h a - 1 l p o p r o t e i n  a n d  g o a t  a n t i - h u m a n  
b e t a - l i p o p r o t e m  w a s  s u p p l i e d  b y  M i l e s  L a b o r a t o r i e s  L t d . ,  
S t o k e  C o u r t ,  S t o k e  P a g e s ,  S l o u g h ,  E n g l a n d
R a b b i t  a n t i - h u m a n  a p o l i p o p r o t e i n  B w a s  s u p p l i e d  b y  B e h r i n g  
L t d
S t r e p t a v i d m - b i o t i n y l a t e d - p e r o x i d a s e  c o m p l e x  w a s  s u p p l i e d  
b y  A m e r s h a m  I n t e r n a t i o n a l ,  A m e r s h a m ,  B u c k s ,  U K 
C o l l a g e n a s e  w a s  s u p p l i e d  b y  B o e h n n g e r  M a n n h e i m  GmbH 
B i o c h e m i c a ,  P 0  Bo x  3 1 0 1 2 0 ,  D - 6 8 0 0 ,  M a n n h e i m ,  W G e r m a n y  
9 6 - w e l l  E L I S A  p l a t e s  w e r e  s u p p l i e d  b y  D y n a t e c h  L t d ,  
A l e x a n d r i a ,  V a ,  USA
F r e u n d s  a d j u v a n t  w a s  s u p p l i e d  b y  G i b c o  E u r o p e  L t d ,
P a i s l e y ,  S c o t l a n d
R e a g e n t s  w e r e  o f  a n a l y t i c a l  g r a d e ,  w h e r e v e r  p o s s i b l e ,  a n d  
pH m e a s u r e m e n t s  w e r e  ma d e  a t  r o o m  t e m p e r a t u r e  ( 2 0 ° C )  
R e a g e n t s  f o r  e l e c t r o p h o r e s i s  w e r e  s p e c i a l l y  p u r i f i e d  f o r  
e l e c t r o p h o r e s i s  G l y c i n e  w a s  c h r o m a t o g r a p h i c a l l y  
h o m o g e n e o u s  A l l  s o l u t i o n s  w e r e  p r e p a r e d  i n  g l a s s  
d i s t i l l e d  w a t e r
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METHODS ,
2 1 P r e p a r a t i o n o f  l i p o p r o t e i n s
B l o o d  f r o m  t w o  h e a l t h y  d o n o r s  w a s  c o l l e c t e d  i n t o  t u b e s  
c o n t a i n i n g  l m g / m l  EDTA ( pH  7 4 )  a n d  t h e  c e l l u l a r  
c o m p o n e n t s  r e m o v e d  b y  c e n t r i f u g a t i o n  a t  2 0 0 0  r p m ,  a t  4 ° C  
f o r  1 0  m i n u t e s  T h e  p l a s m a  w a s  a d j u s t e d  t o  a d e n s i t y  o f  
1 2 5  g / m l  ( d = l  2 5 g / m l )  b y  t h e  a d d i t i o n  o f  s o l i d  K B r  a n d  
o v e r l a y e r e d  w i t h  a s o l u t i o n  o f  0 9% N a C l  /  0 1% EDTA /  KBr  
( d =  1 2 1 g / m l )  b e f o r e  c e n t r i f u g a t i o n  f o r  2 h o u r s  a t  4 ° C  a t
4 8 , 0 0 0  r p m  i n  a S o r v a l l  O T D 5 0  u l t r a c e n t n f u g e  u s i n g  a 
T V 8 6 5  v e r t i c a l  r o t o r ,  o r ,  m  s ome  p r e p a r a t i o n s ,  a O T D 6 5  
u l t r a c e n t n f u g e  a t  6 5 , 0 0 0  r p m  f o r  7 0  m i n u t e s  
T h e  l i p o p r o t e i n  l a y e r  w a s  c a r e f u l l y  r e m o v e d  b y  a s p i r a t i o n ,  
a d j u s t e d  t o  d = l  2 5  g / m l  w i t h  s o l i d  K B r  a n d  w a s h e d  b y  
r e p e a t i n g  t h e  u l t r a c e n t r i f u g a t i o n  s t e p
L i p o p r o t e i n s  w e r e  d i a l y s e d  e x t e n s i v e l y  a g a i n s t  0 9% N a C l  /  
0 1% E D T A ,  a l i q u o t e d  a n d  s t o r e d  a t  - 2 0 ° C  D e l i p i d a t i o n  
w a s  e f f e c t e d  b y  v o r t e x m g  t h e  l i p o p r o t e i n  f r a c t i o n  i n  10 
v o l u m e s  o f  d i e t h y l  e t h e r  f o r  2 m i n u t e s ,  f o l l o w e d  b y  l o w  
s p e e d  c e n t r i f u g a t i o n  T h e  a q u e o u s  p h a s e  w a s  t h e n  p r e p a r e d  
f o r  i m m u n i z a t i o n  o r  e l e c t r o p h o r e s i s  a s  r e q u i r e d  
T h e  p r o t e i n  c o n t e n t  o f  t h e  l i p o p r o t e i n s  a n d  o f  t h e  
d e l i p i d a t e d  f r a c t i o n s  w a s  a s s a y e d  b y  t h e  m e t h o d  o f  L o w r y  
e t  a l ., ( 1 9 5 1 )  , u s i n g  b o v i n e  s e r u m  a l b u m i n  a s  t h e  s t a n d a r d  
I n  s o m e  e x p e r i m e n t s  V L D L , L D L , H D L ^  a n d  H D L ^ ,  p r o v i d e d  b y  
D r s  A J o h n s o n  a n d  P C o l l i n s  o f  t h e  R o y a l  C o l l e g e  o f  
S u r g e o n s  o f  I r e l a n d  w e r e  u s e d
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2 2 C e l l  C u l t u r e  and M a i n t a i n a n c e
A m o u s e  m y e l o m a  c e l l  l i n e  S p 2 - 0 - A g l 4  w a s  m a i n t a i n e d  a s  a
3
m o n o l a y e r  i n  5 0  cm t i s s u e  c u l t u r e  f l a s k s  i n  R P M I - 1 6 4 0  
t i s s u e  c u l t u r e  m e d i u m ,  s u p p l e m e n t e d  w i t h  p e n c i l l m  (100 
u n i t s / m l ) ,  s t r e p t o m y c i n  ( 1 0 0 n g / m l ) ,  2 7mM NaH C O^  2mM 
G l u t a m i n e  a n d  10% f o e t a l  c a l f  s e r u m  C e l l s  w e r e  k e p t  a t  
3 7 ° C  i n  a  h u m i d i f i e d  i n c u b a t o r  c o n t a i n i n g  5% c a r b o n  
d i o x i d e
L o n g  t e r m  s t o r a g e  o f  c e l l s  w a s  a c c o m p l i s h e d  b y  f r e e z i n g  m  
l i q u i d  n i t r o g e n  T h e  m e t h o d  u s e d  w a s  a s  f o l l o w s  
C e l l s  w e r e  p e l l e t e d  b y  c e n t r i f u g a t i o n  o f  t h e  s p e n t  m e d i u m  
a t  2 0 0 0 r p m  f o r  1 0  m i n u t e s  0 5 m l  o f  a s o l u t i o n  o f  10% 
d i m e t h y l  s u l p h o x i d e  a n d  90% f o e t a l  c a l f  s e r u m  w a s  a d d e d  t o  
1 8m l  c r y o t u b e s  a n d  t h e  c e l l s  t h e n  a d d e d  T h e  t u b e s  w e r e  
p l a c e d  m  a U n i o n  C a r b i d e  F r e e z i n g  a p p a r a t u s  a n d  s l o w l y  
f r o z e n  o v e r  t h e  l i q u i d  n i t r o g e n  v a p o u r  p h a s e  f o r  4 5  
m i n u t e s  a t  p o s i t i o n  F* a n d  3 5  m i n u t e s  a t  p o s i t i o n  A b e f o r e  
s u b m e r g i n g  I n  s o m e  c a s e s  c e l l s  w e r e  f r o z e n  a t  - 7 0 ° C  
o v e r n i g h t  b e f o r e  t r a n s f e r  t o  l i q u i d  n i t r o g e n  
T h a w i n g  w a s  p e r f o r m e d  b y  w a r m i n g  a v i a l  o f  f r o z e n  c e l l s  t o  
3 7 ° C  a n d  i m m e d i a t e l y  a d d i n g  t o  1 0 m l  o f  s e r u m - f r e e  m e d i u m  
T h e  c e l l s  w e r e  p e l l e t e d  b y  c e n t r i f u g a t i o n ,  r e s u s p e n d e d  m  
2m l  m e d i u m  c o n t a i n i n g  20% f o e t a l  c a l f  s e r u m  a n d  a d d e d  t o  
2 4 - w e l l  t i s s u e  c u l t u r e  p l a t e s  W h e n  t h e y  h a d  g r o w n  t o  
c o n f l u e n c y  ( u s u a l l y  a f t e r  2 4  h o u r s ) ,  t h e y  w e r e  d i l u t e d  t o
3
a v o l u m e  o f  5 m l  a n d  t r a n s f e r r e d  t o  5 0 c m  f l a s k s
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2 3 P r o d u c t i o n  o f  h y b n d o mas  
2 3 1 i m m u n i s a t i o n
8 - 1 2  w e e k  o l d  m a l e  B A L B / c  m i c e  w e r e  i m m u n i s e d  
m t r a p e r i t o n e a l l y  w i t h  lOOjug o f  l i p o p r o t e i n  o r  
a p o l i p o p r o t e m  e x t r a c t  w h i c h  w a s  e m u l s i f i e d  w i t h  a n  e q u a l  
v o l u m e  o f  c o m p l e t e  F r e u n d ' s  a d j u v a n t  T wo  b o o s t s ,  i n  
i n c o m p l e t e  a d j u v a n t ,  w e r e  g i v e n  a t  w e e k l y  i n t e r v a l s  
T h r e e  d a y s  a f t e r  t h e  f i n a l  b o o s t ,  t h e  m o u s e  w a s  k i l l e d  a n d  
i t s  s p l e e n  r e m o v e d  I n  s o m e  c a s e s ,  3 - 4  b o o s t s  w e r e  g i v e n  
a t  t w o  w e e k  i n t e r v a l s  a n d ,  i n  o n e  i n s t a n c e ,  1 9  d a y s  w e r e
a l l o w e d  t o  e l a p s e  b e t w e e n  t h e  1s t  a n d  2n d  b o o s t
2 3 2 C e l l  f u s i o n
S p 2  c e l l s  w e r e  t h a w e d  a n d  c u l t u r e d  a n d  m a i n t a i n e d  i n  
e x p o n e n t i a l  g r o w t h  p r i o r  t o  t h e  f u s i o n
t
A s p l e e n  c e l l  s u s p e n s i o n  w a s  p r e p a r e d  b y  f l u s h i n g  t h e  
s p l e e n  o f  t h e  i m m u n i s e d  m o u s e  w i t h  m e d i u m  c o n t a i n i n g  20%
f o e t a l  c a l f  s e r u m  A p o r t i o n  ( 1 0 Oja 1 )  o f  t h e  c e l l
s u s p e n s i o n  w a s  d i l u t e d  w i t h  a n  e q u a l  v o l u m e  o f  e t h i d i u m  
b r o m i d e  /  a c n d m e  o r a n g e ,  a n d  m o u n t e d  o n  a h a e m o c y t o m e t e r  
f o r  e x a m i n a t i o n  u n d e r  a f l u o r e s c e n t  m i c r o s c o p e  «A c e l l  
c o u n t  w a s  m a d e  a n d  1 0 ^ c e l l s  w e r e  w a s h e d  b y  c e n t r i f u g a t i o n  
a t  2 0 0  0 r p m  f o r  1 0  m m s  T h e y  w e r e  t h e n  c o - c e n t n f u g e d
7
w i t h  1 0  S p 2  c e l l s  a t  4 0 0 0  r p m  f o r  5 m i n u t e s  1 m l  o f  a  
s o l u t i o n  o f  50% p o l y e t h y l e n e  g l y c o l  ( a p p r o x i m a t e  m o l e c u l a r  
w e i g h t  = 3 , 3 5 0 )  m  c u l t u r e  m e d i u m  w a s  a d d e d  t o  t h e  p e l l e t
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o v e r  1 m i n u t e  a t  3 7 ° C  f o l l o w e d  b y  i n c u b a t i o n  f o r  a  f u r t h e r  
m i n u t e  10 m l  o f  m e d i u m  w a s  t h e n  a d d e d  s l o w l y  1 m l  o v e r  
1 m i n u t e ,  a f u r t h e r  1 m l  o v e r  1 m i n u t e  a n d  t h e  r e m a i n i n g  8 
m l  o v e r  3 m i n u t e s .  T h e  c e l l s  w e r e  c e n t  r  i  f  u g e c T l  
r e s u s p e n d e d  m  m e d i u m  c o n t a i n i n g  2 0% f o e t a l  c a l f  s e r u m ,  
a n d  l O O j u l  a l i q u o t s  w e r e  d i s t r i b u t e d  i n  9 6 - w e l l  t i s s u e
4
c u l t u r e  p l a t e s  a t  a d e n s i t y  o f  2x 10 c e l l s  p e r  w e l l  
A f t e r  i n c u b a t i n g  o v e r n i g h t  a t  3 7 ° C  i n  5% c a r b o n  d i o x i d e ,  
t h e  p l a t e s  w e r e  f e d  w i t h  c u l t u r e  m e d i u m  c o n t a i n i n g  i )  20% 
f o e t a l  c a l f  s e r u m  1 1 ) h y p o x a n t h i n e  ( 1 3 6  1 m g / m l )  1 1 1 ) 
t h y m i d i n e  ( 3 8  7 5  m g / l O O m l )  i v )  a m i n o p t e n n  ( 1 7  6 m g / 1 0 0 m l )  
a n d  v )  a s u s p e n s i o n  o f  n o r m a l  m o u s e  p e r i t o n e a l  c e l l s  a t  2, 
X '1 0 ^ c e l l s  / m l
Plates were fed m  hypoxanthine-ammopterm-thymidine 
(HAT) medium on the third and fifth day after the fusion 
and thereafter twice weekly.
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i m m u n i s e d  m o u s e
s p l e e n  c e l l s S p 2  m y e l o m a  l i n e
f r e e z e  p r o p a g a t e
f u s i o n
S e l e c t i o n  o f  h y b r i d o m a  
c l o n e s  i n  HAT m e d i u m
I
s c r e e n  f o r  a n t i b o d y  
/
p o s i t i v e  w e l l s
f r e e z e  p r o p a g a t e  f-
c l o n i n g
s c r e e n  f o r  a n t i b o d y
J
p o s i t i v e  w e l l s  
■-1
r e c l o n e
I
p r o p o g a t e  
s e l e c t e d  c l o n e s
h y b r l d o m a  
s u p e r n a t a n t  
10 j u g / m l  a n t i b o d y t u m o u r  o f  c e l l -
p r o d u c i n g  a n t i b o d y
S e r u m  o r  a s c i t i c  f l u i d  
5 - 2 0  m g / m l  a n t i b o d y
F i g  2 1 P r o t o c o l  f o r  m o n o c l o n a l  a n t i b o d y  p r o d u c t  i o n
( f r o m  G a l f r e  & M i l s t e m  ( 1 9 8 1 )
\
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2 4 S C R E E N I N G  A S S A Y S  FOR A N T I B O D Y  A C T I V I T Y
2 4 1 EL L S A.
T h e  p r e s e n c e  o f  a n t i - a p o l i p o p r o t e i n  a n t i b o d i e s  i n  t h e  
s p e n t  m e d i u m  o f  t h e  w e l l s  c o n t a i n i n g  h y b n d o m a s  w a s  t e s t e d  
b y  a n  e n z y m e - l i n k e d  i m m u n o s o r b e n t  a s s a y  ( E L I S A )
9 6 - w e l l  p o l y v i n y l  p l a t e s  w e r e  c o a t e d  w i t h  200 j j 1 o f  a 
s o l u t i o n  o f  a p o l i p o p r o t e m  c o n t a i n i n g  5jug p r o t e i n  /  m l  i n  
5mM g l y c i n e ,  pH 9 2 C o n t r o l  p l a t e s  ( c o n t a i n i n g  g l y c i n e  
o n l y )  w e r e  s e t  u p  i n  p a r a l l e l  A f t e r  i n c u b a t i o n  o v e r n i g h t  
a t  4 ° C  t h e  p l a t e s  w e r e  w a s h e d  f o u r  t i m e s  w i t h  b o v i n e  s e r u m  
a l b u m i n  ( 5  m g / m l )  m  p h o s p h a t e  b u f f e r e d  s a l i n e  ( P B S / B S A )  
T h e  r e m a i n i n g  p r o t e i n  b i n d i n g  s i t e s  o n  t h e  w e l l s  w e r e  
b l o c k e d  b y  i n c u b a t i n g  i n  2 0 0 p l  o f  BSA ( 5 0 m g / m l )  m  PBS f o r  
3 h o u r s  a t  r o o m  t e m p e r a t u r e
A f t e r  a f u r t h e r  f o u r  w a s h e s  m  P B S / B S A ,  l O O j u l  o f  h y b n d o m a  
s u p e r n a t a n t  w a s  a d d e d  t o  t e s t  a n d  c o n t r o l  p l a t e s  a n d  
i n c u b a t e d  a t  r o o m  t e m p e r a t u r e  f o r  2 h o u r s  
A l l  w e l l s  w e r e  w a s h e d  4 t i m e s  i n  P B S / B S A  a n d  t h e n  
i n c u b a t e d  w i t h  2 0 0 u l  o f  a 1 1000  d i l u t i o n  o f  
p e r o x i d a s e - l a b e l l e d  r a b b i t  a n t i - m o u s e  i m m u n o g l o b u l i n s  f o r  
1 h r  a t  r o o m  t e m p e r a t u r e  A f t e r  a f i n a l  f o u r  w a s h e s ,  
I O O j j I  o f  t h e  s u b s t r a t e  s o l u t i o n  ( 4 0  m g / l O O m l  o f
o - p h e n y l e n e  d i a m i n e  p l u s  0 003% h y d r o g e n  p e r o x i d e  i n  0 15M 
c i t r a t e - p h o s p h a t e  b u f f e r )  w a s  a d d e d  20  m i n u t e s  a f t e r  
s u b s t r a t e  a d d i t i o n ,  t h e  o p t i c a l  d e n s i t i e s  o f  e a c h  w e l l  
w e r e  r e a d  i n  a n  E L - 3 0 7  E L I S A  r e a d e r  ( B I O - T E K  L t d  ) u s i n g  a  
4 9 0 n m  f i l t e r
- 7 0 - \
2 4 2 D o t - b l o t t i n g
I n  s o m e  e x p e r i m e n t s  h y b r l d o m a  s u p e r n a t a n t s  w e r e  t e s t e d  f o r  
a n t i b o d y  i n  a d o t - b l o t t i n g  a s s a y  N i t r o c e l l u l o s e  s h e e t s  
w e r e  b l o t t e d  w i t h  a n o n - d e n a t u r i n g  e l e c t r o p h o r e s i s  g e l  o f  
a p o l i p o p r o t e i n s  a c c o r d i n g  t o  t h e  p r o c e d u r e s  d e s c r i b e d  i n  
c h a p t e r s  2 6 2 a n d  2 6 4 Two s t r i p s  o f  t h e  b l o t  (5mm 
w i d e )  w e r e  i m m u n o d e t e c t e d  w i t h  p o l y c l o n a l  
a n t l - a l p h a - l i p o p r o t e i n  a n d  a n t i - b e t a  l i p o p r o t e i n  a s  
d e s c r i b e d  i n  c h a p t e r  2 6 4 t o  v i s u a l i s e  t h e  b l o t t e d  
a p o l i p o p r o t e i n s
U s i n g  t h e  d e t e c t e d  b l o t  a s  a  g u i d e ,  5 j u l  o f  h y b n d o m a  
s u p e r n a t a n t  w a s  c a r e f u l l y  s p o t t e d  o n  t o  t h e  u n d e t e c t e d  
p o r t i o n  o f  t h e  b l o t  a t  t h e  s i t e s  c o r r e s p o n d i n g  t o  t h e  
a p o l i p o p r o t e i n  b a n d s  T h e  b l o t  w a s  a l l o w e d  t o  d r y  a n d  
t h e n  w a s h e d  t h r e e  t i m e s  f o r  1 0  m i n u t e s  m  0 0 5 M T n s / H C l  pH  
7 4 ,  0 15M N a C l  b e f o r e  i n c u b a t i o n  m  a  s o l u t i o n  o f  
p e r o x i d a s e  l a b e l l e d  r a b b i t  a n t i - m o u s e  i m m u n o g l o b u l i n s ,  
d i l u t e d  1 1 0 0  m  0 05M T n s  /  H C 1 ,  pH 7 4 ,  0 15  M N a c i ,
0 1% T h i m e r o s a l  a n d  2g b o v i n e  s e r u m  a l b u m i n  /  1 0 0 m l ,  f o r  
h a l f  a n  h o u r  a t  r o o m  t e m p e r a t u r e
A f t e r  r e p e a t i n g  t h e  w a s h i n g  p r o c e d u r e  t h e  b l o t s  w e r e  
s t a i n e d  w i t h  s u b s t r a t e  s o l u t i o n  c o n t a i n i n g  15mg
9 - a m i n o - 3 - e t h y l  c a r b a z o l e  ( s o l u b i l i s e d  m  4 m l  d i m e t h y l  
s u l p h o x i d e )  + 0 06% h y d r o g e n  p e r o x i d e  i n  5 0 m l  0 02M 
a c e t a t e  b u f f e r ,  pH 5 0
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2 5 C l o n i n g  a n d  p r o p a g a t i o n  o f  a n t i b o d y - p r o d u c i n g  c e l l  
l i n e s
2 5 1 C l o n i n g  b y  l i m i t  d i l u t i o n
A f t e r  r e c o v e r i n g  t h e  c e l l s  f r o m  s p e n t  m e d i u m  b y  
c e n t r i f u g a t i o n ,  a c o u n t  w a s  m a d e  a n d  c e l l s  w e r e  d i l u t e d ,  
i n  m e d i u m  p l u s  10% ( v / v )  f o e t a l  c a l f  s e r u m ,  t o  1 0 ,  5 0  a n d  
5 0 0  c e l l s / m l
A p r e p a r a t i o n  o f  m o u s e  p e r i t o n e a l  c e l l s  w a s  m a d e  b y
w a s h i n g  o u t  t h e  f l u i d  c o n t e n t s  o f  t h e  p e r i t o n e a l  c a v i t y  o f
m i c e  w i t h  m e d i u m  p l u s  10% f o e t a l  c a l f  s e r u m  l O O p l
v o l u m e s  w e r e  d i s t r i b u t e d  i n t o  9 6 - w e l l  t i s s u e  c u l t u r e
4
p l a t e s  a t  a c e l l  d e n s i t y  o f  2x 10  / w e l l  1 0Oja 1 o f  e a c h  o f  
t h e  h y b n d o m a  c e l l  d i l u t i o n s  w e r e  a d d e d  t o  t h e  w e l l s ,  
a l l o c a t i n g  h a l f  a p l a t e  ( 4 8  w e l l s )  f o r  e a c h  d i l u t i o n  I n  
s ome  c a s e s ,  t h e  p e r i t o n e a l  c e l l s  w e r e  o m i t t e d  P l a t e s  
w e r e  e x a m i n e d  m i c r o s c o p i c a l l y  f o r  c o l o n y  f o r m a t i o n  a f t e r  
a p p r o x i m a t e l y  s i x  d a y s
2 5 . 1  A s c i t i c  t u m o u r  g r o wt h
B A L B / C  m i c e  w e r e  g i v e n  a n  m t r a p e n t o n e a l  i n j e c t i o n  o f
0 5 m l  p n s t a n e  ( 2 , 6 , 1 0 , 1 4 - t e t r a m e t h y l p e n t a d e c a n e ) p r i o r  t o
6 7
injection of 10 -10 h y b n d o m a  cells suspended m  0 2ml 
medium The number of days allowed to elapse between 
p n s t a n e  injection and h y b n d o m a  injection was varied from
3 t o  21
T u m o u r  g r o w t h  w a s  e v i d e n t  w i t h i n  1 - 2  w e e ^ s  A s c i t e s  
f l u i d s  w e r e  d r a i n e d  f r o m  t h e  m i c e  b y  i n s e r t i o n  o f  a 20G  
n e e d l e  i n t o  t h e  a b d o m e n  C e l l s  w e r e  r e m o v e d  f r o m  t h e
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c o l l e c t e d  f l u i d s  b y  l o w  s p e e d  c e n t r i f u g a t i o n  a n d ,  i n  s ome  
c a s e s ,  w e r e  r e s u s p e n d e d  i n  f r e s h  m e d i u m  a n d  i n j e c t e d  i n t o  
a s e c o n d  p n s t a n e - p r i m e d  m o u s e  T h e  f l u i d s  w e r e  s t o r e d  a t  
-  2 0 ° C
2 6 W e s t e r n  b l o t t i n g  a n d  I m m u n o d e t e c t i o n  o f  
ApoJ ^ i p  o p r  o t e m s
2 ^ 1  E l e c t r o p h o r e s i s  u n d e r  d e n a t u r i n g c o n d i t i o n s
T h e  a p o l i p o p r o t e m  f r a c t i o n s  a n d ,  m  s o m e c a s e s ,
d e l i p i d a t e d  V L D L , L D L ,  HDL , _ __  . . _ .
^ 2 a n (  ^ H DL^  w e r e  s u b j e c t e d  t o  o n e
d i m e n s i o n a l  e l e c t r o p h o r e s i s  a c c o r d i n g  t o  t h e  m e t h o d  o f
L a e m m l i  ( 1 9 7 0 )  on  g e l s  c o n t a i n i n g  10% ( w / v )
p o l y a c r y l a m i d e ,  0 33% ( w / v )  b i s a c r y l a m i d e , 0 3 7 5 M
T r i s / H C I , p h  8 8 , 0 1% ( w / v )  S D S ,  0 1% ( w / v )  TEMED a n d
j
0 1% ( w / v )  a m m o n i u m  p e r s u l p h a t e  T h e  s t a c k i n g  g e l
c o n t a i n e d  0 1 2 5 M  T n s / H C l  p H 6 8 , 0 1% ( w / v )  S D S ,  0 08% 
T e m e d  ( w / v ) ,  0 08% ( w / v )  a m m o n i u m  p e r s u l p h a t e ,  3% ( w / v )  
a c r y l a m i d e  a n d  0 08% ( w / v )  b i s a c r y l a m i d e  
S a m p l e s  w e r e  p r e p a r e d  m  b u f f e r  c o n t a i n i n g  0 1 2 3 M  
T n s / H C l ,  pH 6 8 , 2% ( w / v )  S D S ,  10% ( w / v )  s u c r o s e ,  5%
( w / v )  / 3- m e r c a p t o e t h a n o l  a n d  0 02% ( w / v )  b r o m o p h e n o l  b l u e  
a n d  w e r e  b o i l e d  f o r  3 m i n u t e s
G e l s  w e r e  r u n  i n  a v e r t i c a l  s l a b  g e l  a p p a r a t u s  i n
e l e c t r o d e  b u f f e r  c o n t a i n i n g  0 05M T n s ,  0 37M G l y c i n e  a n d
0 1% ( w / v )  SDS a t  25mA f o r  2 - 3  h o u r s  a t  r o o m  t e m p e r a t u r e  
T h e  p r o t e i n s  w e r e  s t a i n e d  b y  s o a k i n g  t h e  g e l  i n  a s o l u t i o n  
c o n t a i n i n g  0 1% ( w / v )  * C o o m a s s i e  b r i l l i a n t  b l u e ,  7 5% ( v / v )
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a c e t i c  a c i d ,  5% ( v / v )  m e t h a n o l  a n d  10% ( w / v )  
t r i c h l o r a c e t i c  a c i d  f o r  1 h o u r  a t  r o o m  t e m p e r a t u r e  
D e s t a i n i n g  w a s  c a r r i e d  o u t  i n  7 5% ( v / v )  a c e t i c  a c i d  +5% 
( v / v )  m e t h a n o l  G e l s  w e r e  a l s o  s i l v e r  s t a i n e d  A f t e r  
f i x i n g  t h e  g e l  i n  10% ( v / v )  g l u t a r a l d e h y d e  f o r  30  m i n u t e s ,  
i t  w a s  w a s h e d  w i t h  d i s t i l l e d  w a t e r ,  3 - 4  t i m e s  r a p i d l y  a n d  
t h e n  o v e r n i g h t  w i t h  s h a k i n g  a t  r o o m  t e m p e r a t u r e  T h e  g e l  
w a s  i n c u b a t e d  i n  f r e s h l y  p r e p a r e d  s i l v e r  s o l u t i o n  ( 3 3 m l  o f  
0 . 3 6 %  ( w / v )  N a O H , 2 . 1 m l  o f  N H 3 , 6m l  o f  1 9  4% ( w / v )  A g N O ^ ,
1 0 8  9 m l  H ^ 0 )  f o r  1 5  m i n u t e s  a t  r o o m  t e m p e r a t u r e  on  a  
r o c k i n g  p l a t f o r m ,  a n d  t h e n  w a s h e d  r a p i d l y  3 - 4  t i m e s  m  
d i s t i l l e d  w a t e r  T h e  p r o t e i n  b a n d s  w e r e  v i s u a l i s e d  b y  t h e  
a d d i t i o n  o f  0 02% ( v / v )  f o r m a l d e h y d e  0 0 05% ( w / v )  c i t r i c  
a c i d  a n d  t h e  g e l  w a s  w a s h e d  w i t h  s h a k i n g  i n  d i s t i l l e d  
w a t e r  f o r  s e v e r a l  h o u r s
2 6 2 E l e c t r o p h o r e s i s u n d e r  n o n - d e n a t u r i n g c o n d i t i o n s  
2 6 2 1 Da/yjLS _ g e l s
D e l i p i d a t e d  l i p o p r o t e i n s  o f  a t o t a l  l i p o p r o t e i n  
p r e p a r a t i o n ,  a n d  o f  l i p o p r o t e i n s  o f  d i f f e r e n t  d e n s i t i e s  -  
V L D L ,  L D L ,  H D L2 a n d  H D L ^ , w e r e  s u b j e c t e d  t o  
e l e c t r o p h o r e s i s  u n d e r  n o n - d e n a t u n n g  c o n d i t i o n s  u s i n g  t h e  
m e t h o d  o f  D a v i s  ( 1 9 6 4 )  i n  r u n n i n g  g e l s  c o n t a i n i n g  0 3 7 5 M  
T n s / H C l  pH 8 8 4 28% ( w / v )  a c r y l a m i d e ,  3 1 25% ( w / v )  
b i s a c r y l a m i d e ,  0 0 6 2 5 %  ( v / v )  TEMED a n d  0 0 6 2 5 %  ( w / v )  
a m m o n i u m  p e r s u l p h a t e  T h e  s t a c k i n g  g e l  c o n t a i n e d  0 0 5 9 M  
T n s / H C l  pH 6 . 9 ,  3 . 7 5 %  ( w / v )  A c r y l a m i d e ,  0 . 1 %  ( w / v )  
b i s a c r y l a m i d e ,  0 05% ( v / v )  T E M E D ,  0 05% ( w / v )  a m m o n i u m
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p e r s u l p h a t e  S a m p l e s  w e r e  p r e p a r e d  i n  b u f f e r  c o n t a i n i n g  
0 0 1 2 5 M  T n s ,  0 0 9 5 M  g l y c i n e ,  10% ( w / v )  s u c r o s e  a n d  0 001%  
b r o m o p h e n o l  b l u e  E l e c t r o p h o r e s i s  w a s  c a r r i e d  o u t  on  a  
s l a b  g e l  a p p a r a t u s  i n  e l e c t r o d e  b u f f e r  c o n t a i n i n g  0 05M  
0 38M g l y c i n e  a t  25mA f o r  2 - 3  h o u r s  a t  r o o m  
t e m p e r a t u r e  P r o t e i n  s t a i n i n g  TTa s  w i t h  C o o m a s s i e  B l u e  o r
s i l v e r  s t a i n ,  a s  d e s c r i b e d  f o r  SDS g e l s
2 6 2 2 L i p o p r o t e i n  g e l s
P l a s m a  s a m p l e s  a n d  p r e p a r a t i o n s  o f  L D L ,  V L D L , H DL^  a n d  
H DL^  w e r e  s u b j e c t e d  t o  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  
u n d e r  n o n - d e n a t u r i n g  c o n d i t i o n s  R u n n i n g  g e l s  c o n t a i n e d  
0 55M T n s / H C l  pH 8 9 0 0 42% ( v / v )  T E M E D ,  3 58% ( w / v )
a c r y l a m i d e ,  0 . 1 3 %  ( w / v )  b i s a c r y l a m i d e  a n d  0 07% ( w / v )
a m m o n i u m  p e r s u l p h a t e  S t a c k i n g  g e l s  c o n t a i n e d  0 0 6 2 M  
T n s / H C l  pH 6 7 ,  0 0 5 7 5 %  ( v / v )  T E M E D ,  2 5% ( w / v )
a c r y l a m i d e ,  0 6 25 % ( w / v )  b i s a c r y l a m i d e ,  20% ( w / v )  s u c r o s e
a n d  0 0 0 0 5 %  ( w / v )  r i b o f l a v i n  a n d  w e r e  p o l y m e r i s e d  w i t h  a 
f l u o r e s c e n t  l i g h t
S a m p l e s  w e r e  p r e p a r e d  b y  m i x i n g  2 j u l  w i t h  3 0 p l  o f  u n s e t  
s t a c k i n g  , g e l  T h e s e  w e r e  t h e n  a d d e d  t o  t h e  w e l l s  a n d  t h e n  
p o l y m e r l s e d
G e l s  w e r e  r u n  i n  e l e c t r o d e  b u f f e r  c o n t a i n i n g  0 0 0 5 M  T n s ,
0 05M G l y c i n e  p H 7  8 f o r  2 h o u r s  a t  r o o m  t e m p e r a t u r e  G e l s  
w e r e  s t a i n e d  m  0 11% ( w / v )  C o o m a s s i e  b r i l l i a n t  b l u e ,  33%
( v / v )  M e t h a n o l ,  3 38% ( w / v )  s u l p h o s a l i c y l i c  a c i d  a n d  10  8%
( w / v )  t r i c h l o r o a c e t i c  a c i d  f o r  h a l f  a n  h o u r  a t  6 0 ° C  a n d  
d e s t a i n e d  m  30% ( v / v )  m e t h a n o l ,  5% ( v / v )  a c e t i c  a c i d
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2 6 4 W e s t e r n  b l o t t i n g  a n d  i m m u n o d e t e c t i o n  
2 6 4 1 W e s t e r n b l o t t i n g
W e s t e r n  b l o t t i n g  w a s  p e r f o r m e d  w i t h  g e l s  o f  
a p o l i p o p r o t e m s  f o l l o w i n g  e l e c t r o p h o r e s i s  i n  SDS g e l s  
( L a e m m l i ,  1 9 7 0 )  o r  n o n - d e n a t u r i n g  g e l s  a c c o r d i n g  t o  D a v i s  
( 1 9 6 4 )  T h e  p r o c e d u r e  w a s  b a s e d  on  t h a t  d e s c r i b e d  b y  
T o w b m  e t  a l , (  1 9 7 9 )  A n i t r o c e l l u l o s e  s h e e t ,  w h i c h  w a s  
f i r s t  w e t t e d  m  b l o t t i n g  b u f f e r  ( 0 0 2 5 M  T n s ,  0 19M  
g l y c i n e ,  10% ( v / v )  m e t h a n o l ,  pH 8 3 )  w a s  c a r e f u l l y  l a y e r e d  
o v e r  t h e  g e l  T wo  s h e e t s  o f  W h a t m a n  3m f i l t e r  p a p e r  a n d  1 
B I O R A D  S c o t c h  B r i t e  p a d  w e r e  p l a c e d  o n  e a c h  s i d e  a n d  t h e  
s a n d w i c h  w a s  p l a c e d  i n  a T r a n s - B l o t  b o x  w h i c h  h a d  b e e n  
f i l l e d  w i t h  b l o t t i n g  b u f f e r  E l e c t r o p h o r e t i c  t r a n s f e r  w a s  
p e r f o r m e d  a t  2 5 2 m A  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e  w i t h  t h e  
n i t r o c e l l u l o s e  t o  t h e  a n o d e  s i d e  T o  v i s u a l i s e  t h e  
t r a n s f e r r e d  p r o t e i n s  n i t r o c e l l u l o s e  b l o t s  w e r e  s t a i n e d  f o r  
t o t a l  p r o t e i n  w i t h  0 1% ( w / v )  A m i d o  B l a c k  m  45% ( v / v )  
m e t h a n o l  + 10% ( v / v )  A c e t i c  a c i d  D e s t a i n m g  w a s  i n  45% 
( v / v )  m e t h a n o l  a n d  10% ( v / v )  A c e t i c  a c i d
A l t e r n a t i v e l y ,  p r o t e i n s  w e r e  s t a i n e d  w i t h  I n d i a  i n k  T h e  
b l o t  w a s  w a s  w a s h e d  f o u r  t i m e s  f o r  10 m i n u t e s  e a c h  t i m e  i n  
0 0 5M T n s / H C l ,  pH 7 4 ,  0 15M N a C l  0 3% ( v / v )  T w e e n  20  
I t  w a s  t h e n  i n c u b a t e d  i n  0 1% ( v / v )  I n d i a  i n k  ( i n  t h e  
a b o v e  s o l u t i o n )  f o r  s e v e r a l  h o u r s
F o r  i m m u n o d e t e c t i o n ,  s h e e t s  w e r e  i n c u b a t e d  f o r  1 h o u r  a t  
r o o m  t e m p e r a t u r e  m  b l o c k i n g  s o l u t i o n  c o n t a i n i n g  0 05M  
T n s / H C l ,  pH 7 4 ,  0 15m N a C l  0 1% ( w / v )  t h i m e r s o s a l  a n d  2% 
( w / v )  b o v i n e  s e r u m  a l b u m i n  T h i s  w a s  f o l l o w e d  b y
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i n c u b a t i o n  m  a n t i b o d y  s o l u t i o n  -  h y b n d o m a  s u p e r n a t a n t  
( u n d i l u t e d ) ,  o r  p o l y c l o n a l  g o a t  a n t i - h u m a n  
a l p h a - l i p o p r o t e i n  ( HDL s p e c i f i c )  o r  g o a t  a n t i - h u m a n  
b e t a - l i p o p r o t e i n  ( VLDL a n d  LDL s p e c i f i c ) ,  ( d i l u t e d  1 2 0 0  
i n  b l o c k i n g  s o l u t i o n ) ,  f o r  1 h o u r  a t  r o o m  t e m p e r a t u r e  
T h e  b l o t s  w e r e  w a s h e d  t h r e e  t i m e s  f o r  1 0  m i n u t e s  i n  0 05M  
T n s / H C l ,  pH 7 4 ,  0 15m N a C l  a n d  t h e n  i n c u b a t e d  f o r  30  
m i n u t e s  a t  r o o m  t e m p e r a t u r e ,  m  p e r o x i d a s e - c o n j u g a t e d  
r a b b i t  a n t i - m o u s e  i m m u n o g l o b u l i n  ( d i l u t e d  1 100  i n  
b l o c k i n g  s o l u t i o n ) ,  t o  d e t e c t  m o u s e  m o n o c l o n a l  a n t i b o d y ,  
o r  p e r o x i d a s e - c o n j u g a t e d  s w i n e  a n t i - g o a t  i g G  ( d i l u t e d  
1 2 0 0 ) ,  t o  d e t e c t  t h e  p o l y c l o n a l  a n t i s e r a  A f t e r  w a s h i n g  
t h r e e  t i m e s  f o r  10  m i n u t e s  t h e  b l o t s  w e r e  d e t e c t e d  w i t h  
s u b s t r a t e  s o l u t i o n  -  15mg 9 - a m i n o - 3 - e t h y l  c a r b a z o l e  
( s o l u b i l i z e d  i n  4 m l  d i m e t h y l  s u l p h o x i d e )  p l u s  0 06% ( v / v )  
h y d r o g e n  p e r o x i d e  i n  5 0 m l  o f  0 02M A c e t a t e ,  pH 5 0 
A l l  i n c u b a t i o n s  a n d  w a s h i n g s  w e r e  p e r f o r m e d  on  a r o c k i n g  
p l a t f o r m  S t a i n e d  b l o t s  w e r e  w a s h e d  i n  t a p  w a t e r
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L i p o p r o t e i n  o r  p l a s m a  s a m p l e s  s u b j e c t e d  t o  3 58% ( w / v )  
a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  w e r e  c a p i l l a r y  b l o t t e d  
T h e  n i t r o c e l l u l o s e ,  p r e - s o a k e d  i n  0 05M T n s / H C l ,  pH 7 4 ,
0 15m N a C l ,  w a s  c a r e f u l l y  l a y e r e d  o v e r  t h e  g e l  a n d  p r e s s e d  
w i t h  7 s h e e t s  o f  W h a t m a n  3mm f i l t e r  p a p e r  a n d  w a d s  o f  
t i s s u e  u n d e r  a 1k g  w e i g h t  f o r  1 h o u r  a t  r o o m  t e m p e r a t u r e  
T h e  b l o t  w a s  t h e n  i m m u n o d e t e c t e d  w i t h  a n t i b o d y  f o l l o w i n g  
t h e  s a m e  p r o c e d u r e s  a s  f o r  SDS a n d  n o n - d e n a t u r i n g  g e l s
2 6 4 2 N a t i v e ,  B l o t t i n g
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2 7 E p i t o p e  m o d i f i c a t i o n  e x p e r i m e n t s  -  c h a r a c t e r i s a t i o n o f  
a n t i g e n i c d e t e r m i n a n t s  o f  a p oB
E l e c t r o p h o r e s i s  o f  d e l i p i d a t e d  l i p o p r o t e i n s ,  o r  m  some  
c a s e  d e l i p i d a t e d  L D L ,  w a s  p e r f o r m e d  u n d e r  n o n - d e n a t u r i n g  
c o n d i t i o n s  a s  d e s c r i b e d  b e f o r e  i n  c h a p t e r  2 6 2 1 
T h e  g e l s  w e r e  b l o t t e d  t o  n i t r o c e l l u l o s e  a n d  r e m a i n i n g  
p r o t e i n  b i n d i n g  s i t e s  b l o c k e d  m  a l l  c a s e s  C h e m i c a l  a n d  
e n z y m i c  m o d i f i c a t i o n  e x p e r i m e n t s ,  p e r f o r m e d  t o  
c h a r a c t e r i s e  t h e  m o l e c u l a r ' n a t u r e  o f  t h e  a n t i g e n i c  
d e t e r m i n a n t ,  w e r e  c a r r i e d  o u t  u s i n g  t h e  p r o c e d u r e s  
d e s c r i b e d  b e l o w
2 7 1 O r g a .n j^  s o l v e n t  e x t r a c t i o n .
B l o t s  w e r e  c u t  i n t o  5mm s t r i p s  a n d  e a c h  w a s  i n c u b a t e d  m  
l m l  o f  h e x a n e  /  i s o p r o p a n o l  ( 3  2 ,  v / v )  a t  r o o m  t e m p e r a t u r e  
f o r  1 h o u r  T h e y  w e r e  t h e n  r i n s e d  r a p i d l y  w i t h  w a s h i n g  
s o l u t i o n  b e f o r e  i m m u n o d e t e c t i o n  w i t h  m o n o c l o n a l  a n d  
p o l y c l o n a l  a n t i b o d y  a s  d e s c r i b e d  i n  C h a p t e r  2 6 4
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2 7 2 Enzyme m o d i f i c a t i o n
N o n - d e n a t u r i n g  g e l s  o f  a p o l i p o p r o t e i n s  w e r e  r u n  a c c o r d i n g  
t o  t h e  p r o c e d u r e s  d e s c r i b e d  m  c h a p t e r  2 6 4 1 e x c e p t  t h a t  
t h e  a c r y l a m i d e  a n d  b i s a c r y l a m i d e  c o n c e n t r a t i o n s  w e r e  
d o u b l e d  G e l  b l o t s ,  b l o c k e d  w i t h  a l b u m i n  a n d  c u t  i n t o  5mm 
s t r i p s ,  w e r e  t h e n  i n c u b a t e d  f o r  30  m i n u t e s  a t  3 7 ° C  i n  t h e  
f o l l o w i n g  e n z y m e  s o l u t i o n s
B lo t  n °  1 2 3 4
Enzyme added None Trypsin Trypsin Trypsin
lm g /m l 0 lm g /m l 0 O lm g/m l
B lo t  n °  5 6 7 8
Enzyme added C o lla g e n a s e  B -g a la c to s id a s e  P e p s in  T r y p s in (0  5m g/m l)
0 0 1U /m l 0 O lU /m l lm g /m l +Soybean t r y p s in
i n h i b i t o r  (5m g /m l)
Table 2 7 2
A l l  t h e  e n z y m e  s o l u t i o n s  w i t h  t h e  e x c e p t i o n  o f  p e p s i n  w e r e  
d i l u t e d  i n  0 05M T n s / H C l ,  p H 7  4 ,  0 15M N a C l ,  0 01M C a C l ^  
P e p s i n  w a s  m a d e  u p  m  0 0 5 M g l y c i n e  / H C 1  pH 2 3 T h e  
s t r i p s  w e r e  w a s h e d  m  0 05M T n s / H C l ,  pH 7 4 ,  0 15M N a C l ,  
t h r e e  t i m e s  f o r  10  m i n u t e s ,  t h e n  b l o c k e d  a n d  w a s h e d  a g a i n  
E a c h  s e t  o f  8 s t r i p s  w e r e  i m m u n o d e t e c t e d ,  u s i n g  t h e  
p r o c e d u r e  d e s c r i b e d  m  s e c t i o n  2 6 4 , w i t h  t h e  f o l l o w i n g  
a n t i b o d y  s o l u t i o n s  i )  h y b n d o m a  s u p e r n a t a n t  ( u n d i l u t e d )  
f o r  1 h o u r  a t  r o o m  t e m p e r a t u r e  n )  p e r o x i d a s e - c o n j u g a t e d  
r a b b i t  a n t i - m o u s e  i m m u n o g l o b u l i n s  ( d i l u t e d  1 2 0 m  
b l o c k i n g  s o l u t i o n )  f o r  1 h o u r  a t  r o o m  t e m p e r a t u r e  a n d  1 1 1 )
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m o u s e  p e r o x i d a s e - a n t i - p e r o x i d a s e  c o m p l e x  ( d i l u t e d  1 100  i n  
b l o c k i n g  s o l u t i o n )  f o r  3 0  m i n u t e s  a t  r o o m  t e m p e r a t u r e
2 7 3 T r y p s i n  i n c u b a t i o n
A n o n - d e n a t u r i n g  g e l  c o n t a i n i n g  4 28% ( w / v )  a c r y l a m i d e  w a s  
r u n  b l o t t e d  a n d  b l o c k e d  w i t h  a l b u m i n  5mm s t r i p s  w e r e  
i n c u b a t e d  i n  t h e  f o l l o w i n g  s o l u t i o n s
S trip  no 1 2 3 4 5 6
Ttypsin Ttypsin Ttypsin Trypsin Ttypsin
Enzyme ocnc Central lng/ml 0 Img/mL 0 Olirg/mL 0 OOlng/ml (0 5mg/ml)+
/ v*
in h ib ito r (0 5rrg/ml)
T h e  t r y p s i n  a n d  i n h i b i t o r  w e r e  d i l u t e d  i n  0 05M T n s / H C l ,  
p H7  4 ,  0 15M N a C l ,  0 01M C a C ^  a n d  i n c u b a t i o n  w a s  
p e r f o r m e d  a t  3 7 ° C  f o r  3 0  m i n u t e s  T h e  i n h i b i t o r  s o l u t i o n  
w a s  m i x e d  w i t h  t r y p s i n  5 m i n u t e s  b e f o r e  a d d i t i o n  o v e r  t h e  
b l o t  A t  t h e  e n d  o f  t h e  i n c u b a t i o n ,  t h e  r e a c t i o n  w a s  
s t o p p e d  b y  a d d i n g  l m g / m l  s o y b e a n  t r y p s i n  i n h i b i t o r  o v e r  
e a c h  s t r i p  A f t e r  w a s h i n g  t h e  s t r i p s  t h r e e  t i m e s  f o r  1 0  
m i n u t e s  e a c h  s e t  o f  s i x  w a s  i m m u n o d e t e c t e d  w i t h  u n d i l u t e d  
h y b n d o m a  s u p e r n a t a n t  o r  p o l y c l o n a l  a n t i - a l p h a - l i p o p r o t e i n  
a n d  a n t i - b e t a - 1 l p o p r o t e i n , a s  d e s c r i b e d  p r e v i o u s l y  m  
c h a p t e r  2 6 4
- 8 1 “
I m m u n o d e t e c t i o n  w a s  p e r f o r m e d  o n  b l o t  s t r i p s  t r e a t e d  w i t h  
l i p a s e -  s o l u t i o n s  c o n t a i n i n g  0 1M T n s / H C l ,  pH 8 0 ,  l m g  
t y p e  I I  l i p a s e  /  m l  a n d  10% ( w / v )  b o v i n e  s e r u m  a l b u m i n  
w e r e  a d d e d  o v e r  t h e  b l o t s  f o r  4 0  m i n u t e s  a t  3 7 ° C
2 7 5 N e u r a m i n i d a s e  t r e a t m e n t
I m m u n o d e t e c t i o n  w a s  p e r f o r m e d  on  b l o t s  t r e a t e d  w i t h  0 0 1 U
S I G M A  T y p e  V I  n e u r a m i n i d a s e  /  m l  o f  0 05m T r i s / H C I ,  p H 7  4 ,
0 15m N a C i ,  f o r  3 0  m i n u t e s  a t  3 7 ° C
2 7 6 P e p s i n  t r e a t m e n t
I m m u n o d e t e c t i o n  w a s  p e r f o r m e d  on  b l o t s  t r e a t e d ,  f o r  30  
m i n u t e s  a t  3 7 ° C ,  l m g / m l  p e p s i n  i n  0 05M g l y c i n e / H C l  pH  
2 3
2 7 7 P r o t e i n a s e  K t r e a t m e n t
Immunodetection was performed on blots treated with lmg,
0 l m g  a n d  0 O l m g / m l  P r o t e i n a s e  K m  PBS f o r  3 0  m i n u t e s  a t
3 7 ° C
2 7 4 L i p a s e  t r e a t m e n t
- 8 2 -
I m m u n o d e t e c t i o n  w a s  p e r f o r m e d  o n  b l o t s  t r e a t e d  w i t h  
r e d u c t i v e  m e t h y l a t i n g  r e a g e n t s  ' S t r i p s  w e r e  i n c u b a t e d  i n  
0 3M S o d i u m  b o r a t e ,  pH 9 0 ,  f o r  1 0  m i n u t e s  a t  r o o m  
t e m p e r a t u r e  b e f o r e  a d d i t i o n  o f  l m g / m l  S o d i u m  b o r o h y d n d e  
m  0 3m S o d i u m  b o r a t e ,  pH 9 0 l j u l  a t  37% ( v / v )  
f o r m a l d e h y d e  w a s  a d d e d  0 ,  6 , 1 2 ,  1 8  a n d  2 4  m i n u t e s  a f t e r  
s o d i u m  b o r o h y d n d e  a d d i t i o n  A f t e r  3 0  m i n u t e s  l m g  s o d i u m  
b o r o h y d n d e  w a s  a g a i n  a d d e d  a n d  l j a l  f o r m a l d e h y d e  a d d i t i o n s  
w e r e  c o n t i n u e d  3 0 ,  3 6 ,  4 2 ,  4 8 ,  5 4  a n d  6 0  m i n u t e s  a f t e r  
s t a r t i n g  t h e  r e a c t i o n  T h e  b l o t s  w e r e  r i n s e d  s e v e r a l  
t i m e s  w i t h  0 15M N a C l ,  0 05M T n s / H C l ,  pH 7 4
2 7 9 I o d o a c e t a m i d e  t r e a t m e n t
I m m u n o d e t e c t i o n  w a s  p e r f o r m e d  on  b l o t s  t r e a t e d  w i t h  
i o d o a c e t a m i d e  S t r i p s  w e r e  i n c u b a t e d  m  1 m l  o f  0 2M 
p h o s p h a t e  b u f f e r ,  pH 7 3 ,  c o n t a i n i n g  3ja 1 
b e t a - m e r c a p t o e t h a n o l  f o r  f o u r  h o u r s  a t  r o o m  t e m p e r a t u r e  
7mg o f  i o d o a c e t a m i d e  w e r e  t h e n  a d d e d  o v e r  e a c h  b l o t  w h i c h  
w a s  i n c u b a t e d  i n  t h e  d a r k  a t  0 ° C  f o r  t h i r t y  m i n u t e s
2 7 1 0  P e r i o d a t e  o x i d a t i o n
I m m u n o d e t e c t i o n  w a s  p e r f o r m e d  on  b l o t s  t r e a t e d  w i t h  
p e r i o d a t e  a c c o r d i n g  t o  W o o d w a r d  e t  a l  , ( 1 9 8 5 )  S t r i p s  
w e r e  r i n s e d  w i t h  0 05M N a  A c e t a t e  pH 4 5 b e f o r e  i n c u b a t i n g
2 7 8 R e d u c t i v e  met h y l a t i on
- 8 3 -
i n  t h e  d a r k  f o r  1 h o u r  a t  r o o m  t e m p e r a t u r e ,  i n  20mM N a l O ^  
m  0 05M N a A c e t a t e ,  pH 4 5 T h e  s t r i p s  w e r e  t h e n  
i n c u b a t e d  m  50mM N a B H ^  f o r  30  m i n u t e s
2 8 M o n o c l o n a l  a n t lb o d y ^ p u ^ i^ f j jq a t _ io n _
2 8 1 Ammonium ju_l_phate_ _precipitation
M o n o c l o n a l  a n t i b o d y  f r o m  h y b n d o m a  s u p e r n a t a n t  was  
p a r t i a l l y  p u r i f i e d  b y  a m m o n i u m  s u l p h a t e  p r e c i p i t a t i o n  
A m m o n i u m  s u l p h a t e  w a s  a d d e d  t o  2 5 0 m l  o f  s u p e r n a t a n t  t o  50% 
( w / v )  s a t u r a t i o n  a n d  s t i r r e d  f o r  3 0  m i n u t e s  T h e  
p r e c i p i t a t e  w a s  c e n t r i f u g e d  a t  2 0 0 0 r p m  f o r  1 5  m i n u t e s  
T h e  p e l l e t  w a s  r e d i s s o l v e d  i n  5 0  m l  PBS a n d  a m m o n i u m  
s u l p h a t e  a d d e d  t o  50% s a t u r a t i o n  b e f o r e  r e - c e n t r i f u g i n g  
T h e  p e l l e t  w a s  e x h a u s t i v e l y  d i a l y s e d  a g a i n s t  PBS
2 8 2 P r o t e i n  A S e p h a r o s e  C h r o m a t o g r a p h y
T h e  a m m o n i u m  s u l p h a t e  p r e c i p i t a t i o n  f r a c t i o n  o f  h y b n d o m a  
s u p e r n a t a n t  w a s  s u b j e c t e d  t o  i m m u n o a f f m i t y  c h r o m a t o g r a p h y  
on  a S e p h a r o s e - P r o t e i n  A c o l u m n  A f f i - g e l  p r o t e i n  A 
( B I O R A D )  i n  a v o l u m e  o f  1 m l  w a s  e q u i l i b r a t e d  w i t h  b i n d i n g  
b u f f e r  ( B I O R A D )  7 m l  o f  t h e  50% a m m o n i u m  s u l p h a t e  
f r a c t i o n  o f  h y b n d o m a  s u p e r n a t a n t ,  m i x e d  w i t h  7m l  o f  
b i n d i n g  b u f f e r ,  w a s  a p p l i e d  t o  t h e  c o l u m n  w h i c h  w a s  t h e n  
w a s h e d  w i t h  s e v e r a l  v o l u m e s  o f  b i n d i n g  b u f f e r  T h e  b o u n d  
p r o t e i n  m a t e r i a l  w a s  e l u t e d  w i t h  1 5 m l  o f  e l u t i o n  b u f f e r
- 8 4 -
( B I O R A D )  a n d  2 m l  f r a c t i o n s  w e r e  c o l l e c t e d  T h e  c o l u m n  was  
r e g e n e r a t e d  b y  w a s h i n g  w i t h  B I O R A D  r e g e n e r a t i o n  b u f f e r  
A l l  t h e  c o l u m n  s t e p s  w e r e  p e r f o r m e d  a t  4 ° C
2 8 3 DEAE A f f i - G e 1 B l u e  Ch r o m a t o g r a p h y
DEAE A f f i - G e l  b l u e  c h r o m a t o g r a p h y  w a s  u s e d  t o  p u r i f y  
m o n o c l o n a l  a n t i b o d y  f r o m  a s c i t e s  f l u i d  a c c o r d i n g  t o  t h e  
m e t h o d  d e s c r i b e d  b y  B r u c k  e t  a l * , (  1 9 8 2 )  T h e  a mm o n i u m  
s u l p h a t e  p r e c i p i t a t e d  i m m u n o g l o b u l i n  f r a c t i o n  o f  h y b n d o m a  
s u p e r n a t a n t s  w a s  a l s o  f u r t h e r  p u r i f i e d  b y  t h i s  m e t h o d  
0 6m l  o f  a s c i t e s  f l u i d s  w a s  u l t r a c e n t n f u g e d  a t  1 0 0 , 000 g 
f o r  3 0  m i n u t e s  t o  r e m o v e  f i b r i n  c l o t s  T h e  s u p e r n a t a n t  
w a s  d i a l y s e d  a g a i n s t  c o l u m n  b u f f e r  ( 0 02M T n s / H C l ,  p H 7  2 )  
o v e r n i g h t  a n d  t h e n  c e n t r i f u g e d  a t  1 0 , 0 0 0 g  f o r  1 5  m i n u t e s  
T h e  f l u i d  w a s  a p p l i e d  t o  a 6m l  c o l u m n  ( m  a  T e r u m o  2 0 m l  
p l a s t i c  s y r i n g e )  o f  DEAE A f f i - g e l  b l u e  I t  w a s  w a s h e d  
w i t h  3 0 m l  o f  c o l u m n  b u f f e r  a n d  t h e  b o u n d  m a t e r i a l  
s t e p - e l u t e d  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  s o d i u m  
c h l o r i d e  ( 2 5 ,  5 0 ,  6 0  a n d  lOOmM m  c o l u m n  b u f f e r )  T h e  
f l o w  r a t e  w a s  4 0 m l / h o u r  a n d  f r a c t i o n s  o f  a p p r o x i m a t e l y  
2 5 m l  w e r e  c o l l e c t e d  T h e  c o l u m n  w a s  r e g e n e r a t e d  b y  
w a s h i n g  w i t h  2 0 m l  o f  6M g u a n i d i n e  h y d r o c h l o r i d e ,  f o l l o w e d  
b y  6 0 m l  o f  0 5M N a C l ,  f o l l o w e d  b y  3 0 m l  c o l u m n  b u f f e r  A l l  
t h e  c o l u m n  s t e p s  w e r e  p e r f o r m e d  a t  4 ° C  T h e  o p t i c a l  
d e n s i t i e s  o f  t h e  e l u t e d  f r a c t i o n s  w e r e  r e a d  m  a C E C I L  
s p e c t r o p h o t o m e t e r  a t  2 8 0 n m  F r a c t i o n s  w e r e  a l s o  a s s a y e d  
b y  i m m u n o d e t e c t i o n  o n  b l o t s  o f  a n o n - d e n a t u r i n g  g e l  o f  
a p o l i p o p r o t e m s  a n d  b y  SDS e l e c t r o p h o r e s i s  o n  10% g e l s  
s t a i n e d  w i t h  C o o m a s s i e  b l u e
- 8 5 -
2 9 L D L - r e c e p t o r  b i n d i n g s t u d i e s 
2 9 1 E l e c t r o p h o r e s i s  o f  L D L - r e c e p t o r s
L o w - d e n s i t y - l i p o p r o t e i n  r e c e p t o r s  w e r e  p a r t i a l l y  p u r i f i e d  
f r o m  b o v i n e  a d r e n a l  c o r t e x  m e m b r a n e s  b y  D E A E - c e l l u l o s e  
c h r o m a t o g r a p h y  a s  d e s c r i b e d  b y  S c h n e i d e r  e t  a l ,  ( 1 9 8 2 )
R e c e p t o r s  w e r e  s u b j e c t e d  t o  o n e - d i m e n s i o n a l  
e l e c t r o p h o r e s i s  on  7 5% ( w / v )  p o l y a c r y l a m i d e  s l a b  g e l s  
c o n t a i n i n g  0 35% ( w / v )  SDS a c c o r d i n g  t o  t h e  m e t h o d  o f  
L a e m m l i  ( 1 9 7 0 )  S a m p l e s  w e r e  p r e p a r e d  m  b u f f e r  
c o n t a i n i n g  10% ( v / v )  G l y c e r o l  a n d  0 5% ( w / v )  SDS w i t h o u t  
b o i l i n g  G e l s  w e r e  c a l i b r a t e d  w i t h  S I G M A  h i g h  m o l e c u l a r  
w e i g h t  m a r k e r  p r o t e i n s ,  m y o s i n  ( 2 0 5 ,  0 0 0 ) ;  ^ - g a l a c t o s i d a s e  
( 1 1 6 , 0 0 0 ) ,  p h o s p h o r y l a s e  b ( 9 7 , 4 0 0 ) ,  b o v i n e  s e r u m  
a l b u m i n  ( 6 6 , 0 0 0 )  a n d  o v a l b u m i n  ( 4 3 , 0 0 0 )  0 1% ( w / v )
b r o m o p h e n o l  b l u e  ( i n  s a m p l e  b u f f e r )  w a s  a d d e d  t o  t h e  w e l l s  
a t  e a c h  s i d e  o f  t h e  g e l  E l e c t r o p h o r e s i s  w a s  p e r f o r m e d  a t  
4 ° C  f o r  3 - 4  h o u r s  a t  2 0 0 V  a n d  t h e  g e l s  w e r e  b l o t t e d  t o
n i t r o c e l l u l o s e  i n  20mM T n s ,  150mM g l y c i n e ,  p H 8 3 + 20%
( v / v )  m e t h a n o l  T h e  p o r t i o n  o f  t h e  b l o t  c o n t a i n i n g  t h e  
p r o t e i n  m a r k e r s  w a s  c u t  o f f  a n d  s t a i n e d  w i t h  0 1% ( w / v )  
A m i d o  B l a c k  i n  45% ( v / v )  m e t h a n o l  a n d  10% ( v / v )  a c e t i c  
a c i d  f o r  5 m i n u t e s  D e s t a m i n g  w a s  i n  10% a c e t i c  a c i d
H um an L D L  a n d  r a b b i t  b e t a - V L D L  w e r e  p r e p a r e d  a n d  
b i o t i n y l a t e d  a c c o r d i n g  t o  t h e  p r o c e d u r e s  d e s c r i b e d  b y  Wa d e  
e t  a l M ( 1 9 8 5 )  T h e  n i t r o c e l l u l o s e  s h e e t s ,  p r e m c u b a t e d  i n  
b l o c k i n g  b u f f e r  c o n t a i n i n g  50mM T n s / H C l ,  pH 8 0 ,  2mM 
CaC 1
2 , 90mM N a C l  a n d  50mg b o v i n e  s e r u m  a l b u m i n  /  m l ,  f o r  1 
h o u r  a t  3 7 ° C ,  w e r e  r e a c t e d  f o r  o n e  a n d  a h a l f  h o u r s  w i t h  
t h e  b i o t i n y l a t e d  l i p o p r o t e i n s  a t  c o n c e n t r a t i o n s  o f  20u g / m l  
( b i o t i n  L D L )  a n d  l O j u g / m l  ( b i o t i n  b e t a - V L D L )  i n  t h e  
b l o c k i n g  b u f f e r  T h e  s h e e t s  w e r e  w a s h e d ,  o n c e  r a p i d l y ,  
a n d  t h e n  t w i c e  f o r  20 m i n u t e s ,  m  w a s h i n g  s o l u t i o n  
c o n t a i n i n g  50mM T n s / H C l ,  pH 8 0 ,  2mM C a C l 2 90mM N a C l  a n d  
5mg B S A / m l  T h e  s h e e t s  w e r e  i n c u b a t e d  m  
s t r e p t a v i d i n - b i o t m y l a t e d - p e r o x i d a s e  c o m p l e x  ( d i l u t e d  
1 3 0 0  m  b l o c k i n g  b u f f e r  a t  pH 7 4 )  f o r  3 0  m i n u t e s  a n d  
t h e n  w a s h e d  t h r e e  t i m e s  f o r  1 0  m i n u t e s  A l l  t h e  
i n c u b a t i o n s  a n d  w a s h i n g s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  
b l o c k i n g  s t e p ,  w e r e  p e r f o r m e d  a t  r o o m  t e m p e r a t u r e  o n  a 
r o c k i n g  p l a t f o r m  T h e  s h e e t s  w e r e  d e v e l o p e d  w i t h  
s u b s t r a t e  s o l u t i o n  c o n t a i n i n g  0 4 m g / m l  o f  
4 - c h l o r o - l - n a p h t h o l + 0  03% ( w / v )  h y d r o g e n  p e r o x i d e  i n  50mM
T n s / H c r ,  pH 7 0 ,  2mM C a C l 0 a n d  90mM N a C l** z
1 2 S
L i g a n d  b l o t t i n g  w a s  a l s o  p e r f o r m e d  w i t h  I - L D L  1 4mg
] 2 S
o f  L D L  w a s  l a b e l l e d  w i t h  2 m C i  o f  a c c o r d i n g  t o  t h e
i o d i n e  m o n o c h l o n d e  m e t h o d  o f  M c F a r l a n e  ( 1 9 5 8 )  a n d  a 
s p e c i f i c  a c t i v i t y  o f  2 9 5 c p m / n g  w a s  o b t a i n e d  L i g a n d  
b l o t t i n g  w a s  p e r f o r m e d  i n  e x a c t l y  t h e  s a m e  w a y  a s  f o r
*
- 8 7 -
biot m - L D L  except that l O u g  I-LDL(m) ( =  3 x 1 0  cpm) was
u s e d  a n d  a f t e r  t h e  w a s h i n g  p r o c e d u r e  w h i c h  f o l l o w e d  
125 I - L D L  i n c u b a t i o n  t h e  b l o t s  w e r e  p r o c e s s e d  f o r  
a u t o r a d i o g r a p h y  u s i n g  p r e - f l a s h e d  K o d a k  X - r a y  f i l m  w i t h  a n  
i n t e n s i f i e r  s c r e e n
2 9 3 I n h i b i t i o n  e x p e r i m e n t s  w i t h  a n t i b o d i e s  
2 9 3 1 On n i t r o c e l l u l o s e  b l o t s
F o u r  a n t i b o d i e s  a g a i n s t  a p o l i p o p r o t e i n  B , 5 B 1 0 ,  6 C 9 ,  6 G 1 0 A 4  
a n d  4 G 1 B 4  a n d  1 a n t i b o d y ,  3 H 9 ,  a g a i n s t  a H D L ^  a p o p r o t e i n ,  
p r e v i o u s l y  p u r i f i e d  f r o m  a s c i t e s  f l u i d  b y  DEAE A f f i - G e l  
b l u e  c h r o m a t o g r a p h y ,  w e r e  d i a l y s e d  a g a i n s t  50mM T n s / H C l >  
pH 8 0 ,  2 m M C a C l^  a n d  9 0 m M N a C l  1 m l  o f  e a c h  a n t i b o d y  
s o l u t i o n ,  c o n t a i n i n g  lOOjug p r o t e i n / m l ,  w a s  i n c u b a t e d  w i t h  
l O u g / m l  125 I - L D L  o v e r n i g h t  a t  4 ° C  S i m i l a r  a n t i b o d y  /  
l i p o p r o t e i n  s o l u t i o n s  w e r e  s e t  u p  w i t h  b i o t i n - L D L  1 cm 
s t r i p s  o f  n i t r o c e l l u l o s e  c o n t a i n i n g  t h e  b l o t t e d  r e c e p t o r  
w e r e  b l o c k e d  a n d  i n c u b a t e d  w i t h  t h e  a n t i b o d y  /  l i p o p r o t e i n  
s o l u t i o n s  f o r  o n e  a n d  a h a l f  h o u r s  a t  r o o m  t e m p e r a t u r e  
T h e  b l o t s  w e r e  t h e n  w a s h e d  a n d  p r o c e s s e d  f o r  
a u t o r a d i o g r a p h y  o r  d e t e c t e d  w i t h  s t r e p t a v i d m - b i o t i n y l a t e d  
p e r o x i d a s e  a s  d e s c r i b e d  a b o v e
S i m i l a r  e x p e r i m e n t s  w e r e  p e r f o r m e d  w i t h  b i o t m - L D L  u s i n g  
p o l y c l o n a l  a n t i - a p o B  D i l u t i o n s  o f  1 2 0 0 ,  1 1 0 0  a n d  1 50  
i n  c o m b i n a t i o n  w i t h  l O j u g / m l  b i o t i n  L D L  w e r e  i n c u b a t e d  o v e r  
t h e  b l o t s ,  a f t e r  f i r s t  a l l o w i n g  L D L  a n d  a n t i s e r u m  t o  
c o m b i n e  f o r  10 m i n u t e s  m  s o l u t i o n .
2 9 3 2 On b i n d i n g  o f  L D L  t o  s k i n  f i b r o b l a s t s
"I 9 R
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Normal human skin fibroblasts were set up at a
4
c o n c e n t r a t i o n  o f  5 x 1 0  c e l l s / m l  i n t o  60mm p l a s t i c  P e t r i  
d i s h e s  c o n t a i n i n g  3m1 E a g l e s  m i n i m a l  e s s e n t i a l  m e d i u m  
( w i t h  E a r l e ' s  s a l t s ) ,  25mM N a H C 0 3 , 20mM N - (  ( T n s h y d r o x y
Methyl) Methyl) glycine (TRICINE), lOOU/ml Penicillin,
*
l O O p g / m l  S t r e p t o m y c i n  a n d  10% ( v / v )  f o e t a l  c a l f  s e r u m  
T h e  c e l l s  w e r e  f e d  i n  t h e  s a m e  m e d i u m  2 d a y s  l a t e r  On  
t h e  f i f t h  d a y  t h e  d i s h e s  w e r e  w a s h e d  i n  P u c k ' s  S a l i n e  A 
a n d  t h e  c e l l s  f e d  m  t h e  s a m e  m e d i u m  a s  a b o v e  e x c e p t  t h a t  
FCS w a s  r e p l a c e d  b y  l i p o p r o t e m - d e f l c i e n t  s e r u m  ( a t  
2 5 m g / m l )  1 2 5 I - L D L  ( 1  7 6 p g / m l ) ( S p e c i f i c  A c t i v i t y  = 
8 0 c p m / n g )  w a s  i n c u b a t e d  o v e r n i g h t  a t  4 ° C  m  t h e  p r e s e n c e  
o f  a )  5 0 0 j u g / m l  a n t i b o d y  6 G 1 0 A 4  m  50mM T r  i s / H C I  , pH 7 4 ,i
2 m M C a d 2 a n d  9 0 m M N a C l  b )  2 5 0 u g / m l  a n t i b o d y  6 C9  m  t h e  
s a m e  b u f f e r  a n d  c )  b u f f e r  a l o n e  On t h e  s e v e n t h  d a y ,  t h e  
c e l l s  w e r e  i n c u b a t e d  i n  LPDS m e d i u m  ( c o n t a i n i n g  n o  N a H C O ^ ) 
a t  4 ° C  f o r  4 5  m i n u t e s  E a c h  ^ 2 ^ I - L D L  s o l u t i o n ,  a )  b )  a n d
c )  w e r e  a d d e d  t o  d u p l i c a t e  d i s h e s  a t  c o n c e n t r a t i o n s  o f  1 0 ,
1 2 5
5 ,  3 ,  2 ,  a n d  l p g / m l  I n  a d d i t i o n ,  e a c h  I-LDL s o l u t i o n ,  
t o g e t h e r  w i t h  4 0 0 u g  u n l a b e l l e d  LDL/ml , w a s  a d d e d  a t  
c o n c e n t r a t i o n s  o f  1 0 ,  5 a n d  2 j u g / m l
A f t e r  i n c u b a t i o n  f o r  2 h o u r s  a t  4 ° C  t h e  d i s h e s  w e r e  
w a s h e d ,  3 t i m e s  r a p i d l y  a n d  t h e n  t w i c e  f o r  1 0  m i n u t e s  i n  
0 05M T r i s / H C I , pH 7 4 ,  0 15M N a C l  a n d  0 2% ( w / v )  BSA  
A f t e r  a f i n a l  q u i c k  w a s h  m  0 0 5mM TJr i s / H C I , pH 7 4 ,  0 15M  
N a c i  t h e  c e l l s  w e r e  s o l u b i l i s e d  i n  2 m l  o f  0 l m  N a O H ,  
c o u n t e d  i n  a  gam m a s p e c t r o p h o t o m e t e r  a n d  a s s a y e d  f o r  
p r o t e i n  c o n t e n t  b y  L o w r y  e t  3 1 , ( 1 9 5 1 )  B i n d i n g  was  
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3 1 R e c o v e r y  o f  L i p o p r o t e i n s
Ultracentrifugation was performed under conditions which 
would allow the extraction of all lipoprotein density 
classes m  a single fraction. The isolated lipoproteins 
were then partially delipidated by vortexing in 10 volumes 
of diethyl ether The aqueous phase was subjected to 
electrophoresis in a 10% polyacrylamide/SDS gel (fig 
3 1 ) Bands with mobilities corresponding to apoB,
apoA-1 and ApoE could be identified in this system but 
other proteins, particularly albumin, were evident also 
For this reason a second ultracentrifugation step was 
introduced in subsequent preparations to further purify 
the isolated lipoproteins
The recovery of the lipoproteins was monitored by 
determination of cholesterol m  the plasma before 
ultracentrifugation and m  the lipoprotein fraction 
obtained afterwards These assays were performed by the 
Biochemistry Laboratory in Our Lady's Hospital, Crumlin 
As expected, the introduction of a second 
ultracentrifugation step resulted m  a reduction in the 
overall recovery. Proteins were assayed by the method of 
Lowry et al, (1951). The recovery and protein content for 
each isolation run is shown below in table 3 1 A second 
ultracentrifugation step was introduced at run number 4
- 9 1 “

Fig 3 1 coomassie blue-stained gel of delipidated 
lipoproteins which were run on a 10% polyacrylamide SDS 
gel along with molecular weight standards A albumin, B 
and D apolipoprotem (in non-reducing buffer), C 
Trypsin, E cytochrome C, F and H apolipoprotem (in 
reducing buffer), G ovalbumin I Whole Serum 
(non-reduced), J Whole Serum (reduced)
- 9 2 -
Run No | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 / | 10
Recovery |l 93 | 47 | ND | 17 1 | 14 5 | 15 5 | 19 | 26 | 31 | 43
Protein [97 5|137 5|122 5[102 5| 80 | 80 |42.5 |87 5|52 | ND 
Content | | | | I I I  I I I
(mg/lOOml)| | | | I I I  I I I
Table 3 1 Isolation of Lipoproteins
This apolipoprotem preparation was also used for 
immunisation The schedules for injection varied in 
earlier experiments but for the large part they followed a 
scheme of three weekly mtraperitoneal injections with the 
fusion being carried out three days after the final boost
3 2 Fusion Results
16 fusions in all were carried out The numbers of 
hybndomas generated for each fusion is shown m  table 
3 2
Fusions 12-14 yielded very little or no hybndomas  
With successful fusions, colony formation could be seen 
five to six days after the fusion
- 9 3 -
For fusions 15 and 16 Sp2 myeloma cells and materials from 
Our Lady's Hospital in Crumlin were used and the fusion 
was carried out there The 16th fusion showed an 
improvement m  h y b n d o m a  growth and although a yield of 
18% was lower than normal the h y b n d o m a  cells grew 
normally
- 9 4 -






1 apolipoprotem 464 2 0
2 i 360 2 7 5
3 it 256 2 39
4 IT 352 2 37
5 I 960 1 0
6 I 768 1 13
7 1 480 2 100
8 1 1 608 2 54
9 HDL3
384 2 56






13 n ^ 720 2 0
14 i 480 2 0
15 ii 480 2 0
16 n 624 2 18
Table 3 2 H y b n d o m a  yield for fusions 1-16
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3 3 S c r e e n i n g  R e s u l t s
Hybndomas were screened by ELISA or, for later 
experiments, by dotting supernatant to antigen immobilised 
on nitrocellulose Both methods were successful m  
detecting antl-apollpoprotem antibodies in the h y b n d o m a  
supernatants tested Control plates containing no bound 
apolipoprotein were also set up m  the ELISA to detect 
supernatants which contained irrelevant or "sticky" 
antibodies which bound non-specifically to the albumin 
coated wells The screening results for each fusion 
experiment are shown m  table 3 3 with those antibodies 
that were selected for further study indicated 
Plates were read at 492nm m  a BIOTEK EL-307 reader 
following additions of substrate for all ELISAs except 
those for the first 5 fusions During the first five 
fusions no reader was available Sera from immunised and 
non-immunised mice, at a 1 1000 dilution, were used as 
positive and negative controls respectively In all cases 
the normal mouse sera gave low positivity to the test 
wells, while the immune mouse sera gave a stronger 
reaction and only to the test plates
ELISA experiments for each fusion are described m  more 
detail in the following pages
- 9 6 -
Fusion Number of Antibody Non-specific
No antibodies against antibody
produced a p o l i p o p r o t e m
1 0  0 0 
2 0 0 0
3 0 0 0
4 3 3 0
5 0 0 0
6 6 3 3
7 23 0 23
8 37 31 inc 5B10, 6
6C9* 6G10A4
9 29 16 9
10 39 31 inc 2B6 8
3F12,4G1
11 2 2 0
12 2 2 0
13 0 0 0
14 0 0 0
15 0 0 0
16 4 3 inc 3H9 1
3 3 1 Screening Results
- 9 7 -
Fusion 4 was the first to give positive hybndomas, which 
were identified visually after the ELISA and named 1A5,3C2 
and 3G3 The cells were cloned by limit dilution, with 
2xl04 macrophages / well as feeders, at 1,5 and 50 cells / 
well On screening the cells plated at 5 / well fwhich 
resulted in single colonies, those that gave the strongest 
reactivity were grown up in 2ml volumes For each 
antibody there were 2x2ml wells and the h y b ndomas were 
named 3C2 (1) and (2), 3G3(1) and (2) and 1H5(1) and (2)
t
7
The cells were grown up to 10ml volumes and 10 of each 
were injected into Balb/c mice for propagation as an 
ascitic tumour At this stage, unfortunately the expanded 
cells were lost to fungal contamination However, the 
original cloned plates were still being maintained and 
their cells were rescreened 1H5G11, 3C2F8 and 3C2G10 had 
the strongest antibody reactivity and were recloned The 
3G3 line, however, had become unstable and many of the 
cells had died very few wells contained positive 
hybndomas
3C2F8, 3C2G10 and 1H5G11 were grown as ascitic tumours in 
mice. An experiment was set up m  which the ascites 
fluids for 3C2F8 and 3C2G10 were then tested over a serial 
dilution range by an ELISA to determine which dilution 
would be comparable in binding reactivity to the hybridoma 
supernatant Serum from the immunised mouse at a dilution 
of 1 2000 was put up for comparison The fluids were 
diluted in PBS/BSA over a range extending from 30-fold to 
100,000-fold, and reacted with 5ug apolipoprotem bound to
FusjL.on_.4_
- 9 8 -
wells of a 96-well plate After substrate addition the 
absorbances of wells containing neat supernatant, immune 
mouse serum and the least dilute ascitic fluid were read 
at 412nm The other wells were examined by visual 
inspect ion
The binding of the least dilute ascites fluid was 
comparable to the supernatant and did not approach the 
absorbance given by the immune mouse serum This 
suggested that antigen concentration was limiting the 
reaction for monoclonal antibody but not for polyclonal 
antibody which is directed against a wide range of 
antigenic determinants m  the apolipoprotem mixture
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MCTKffi 3C2310
Dilution 30 100 200 400 1000 10,000
Colour
Intensity
++ ++ ++ -H- ++ +
Abs412nm ND 0 248 ND ND ND ND
Table 3 2 2 Screening ascites fluids of antibodies 3C2F8
and 3C2G10
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A low yield of h y b ndomas resulted after fusion 6, but 
when they were screened, 2 hybndomas were st rongly 
positive, .and 1 weakly positive, for antibody activity 
Three other h y b ndomas secreted antibody which bound to 
both coated and uncoated wells, (fig 3 3 1) The two 
strongly-secreting hybndomas, 3B3 and 3E10, and the weak 
hybndoma, 5D10 were transferred to 2ml volumes and the 
two strong hybndomas were also cloned After several 
days, 3E10 and 3B3, but not 5D10, were still positive for 
antibody activity The cells were grown as ascitic 
tumours in mice
When the ascitic fluids and cloned cells were screened, 
the antibodies were found to be binding to both test and 
control plates, a finding which had not occured 
previously The reason for this was unknown
Fusion 6
-101-
Fig 3 3 1 H y b n d o m a  cell supernatants from fusion 6 were 
screened by ELISA Absorbance readings were taken at 
490nm
test wells, rn = control wells (containing no bound 
antigen)
The reactive antibodies from this fusion were 5, 3B3, 6,
3E10, 8, 4A11; 10, 5C9, 11, 5B10, 12 5H11 
I = Immunised mouse serum diluted 1 2000 
N = non-immunised mouse serum diluted 1 2000
-102-
r
Five plates of h y b n d o m a  supernatant were screened against 
2 4ug of apollpoprotein per well 23 wells gave positive 
binding initially but 21 of these also bound to a greater 
or lesser extent to uncoated wells (fig 3 3 2)
When supernatants were re-tested some antibodies of 
potentlal interest became negative while others reverted 
to non-specifi c lty 2A6, for instance, stopped secreting 
antibody while 4F7 bound to an uncoated plate in a 
subsequent screening The presence of non-speciflcity 
among the antibodies was a persistent problem throughout 
the screening for this fusion, as was the 
non-reproducibility with respect to the degree of 
background for any particular antibody from one screening 
to the next
Fusion 7
- 1 0 3 -
Fig 3 3 2 23 of the 480 H y b n d o m a  supernatants from
fusion 7 that were screened by ELISA 
Absorbances were read at 490nm
Continuous lines = test wells, non-continuous lines = 
control wells Hybrid numbers are named m  the table
below
I, = immunised mouse serum diluted 1 1000 
N, = non-immunised mouse serum diluted 1 1000
Efybrid 1 2 3  4 5  6 7 8 9  10 11 12
nunber
Name 1AL0 1B5 1G11 2A6 2A9 2B4 2D4 25 4A3 4A5 4E8 4E12
i^bnd 13 14 15 16 17 18 19 20 21 22 23
nunber
'Naire 4E7 4F9 438 4H5 5A11 5A12 5B4 5B5 ~5B12 5C2 5G4^
-104-
Fusion 8
A h y b n d o m a  yield of 54% was obtained with fusion 8 and 
this time the ELISA was successful in differentiating 
antibodies against apolipoprotein from those merely 
binding non-specifically to uncoated wells 183 
hybn d o m a s  were screened altogether and 37 were positive. 
However, 6 of those also bound to uncoated wells The 
absorbances for the 37 positive h y b ndomas are shown below 
m  figure 3 3 3 Nine h y b ndomas were cloned These were 
1B10, 1D6, 1F1, 2A6, 3A5, 3d 9, 6C9, 6E11 and 6G10 Six 
hybndomas, 1E2,1F2, 7G1, 1A12, 5E7 and 5B10 were frozen 
The others became either negative or non-specific on 
subsequent screening, or the cells died or became 
contaminated Prior to this second screening, 21 
hybndomas were grown up to 10ml volume and the 
supernatants tested on SDS gel blots of apolipoprotems 
One antibody, 5B10, bound to a protein band of high 
molecular weight on the blot (Fig 3 3 4 a+b) None of the 
other antibodies could be detected m  this technique 
5B10 was therefore cloned, producing 10 cloned hybndomas 
When a non-denaturing electrophoresis system was used the 
supernatants from the 10 cloned h y b ndomas tested bound 
faintly to a very thin band at the top of the blot Goat 
anti-human beta-lipoprotem bound similarly and it was 
concluded that the antibodies were reactive against 
apolipoprotein B, and that the determinant for 5B10 was 
not destroyed by boiling m  the presence of detergent
-106-
Fig. 3.3.3 37 of the 183 hybridoma supernatants from
fusion 8 that were screened by ELISA. Absorbances were 
read at 490nm. Continuous lines, = test wells, dotted 
lines, = control wells.
Hybridoma numbers are named in the table.
Efybrid 1 2 3  4 5  6 7 8 9  10 1 1 1 2
nunber
Nare 1B10 1D6 2A6 2i8 3A5 3D5 3D9 3H11 4C12 4D12 M l  432
Hybrid 13 14 15 16 17 18 19 20 21 22 23 24
nunber
N3me 4312 5B10 5D7 6A7 6C9 6E11 6F11 6310 7A6 1A12 1E2 1F2
Hybrid 25 26 27 28 29 30 31 32 33 34 35 36 37
nurrber




Eight of the 21 supernatants from fusion 8 which were 
reacted with nitrocellulose blots of apolipoproteins after 
10% polyacrylamide / SDS gel electrophoresis. The blots 
were detected with 1:500 peroxidase-labelled 
rabbit-anti-mou.se immunoglobulin's. aj 5B10, b) 6G10, c) 
6E11, d) 6C9, e) 2A6, f) 1F1, g) 1D6, h) 1B10.




Fig  3 3 4 b
A 10% polyacrylamide /SDS gel of apolipoprotein extract 
and plasma protein was blotted to nitrocellulose
Lanes 1 and 3 aip'olipoprotein (2jug)
Lane 2 plasma (diluted 1 100 in PBS)
A Blot treated with goat anti-human alpha-lipoprotem 
(1 200) *
B Blot treated with goat anti-human beta-lipoprotem 
( 1  2 0 0 )
C Blot treated with monoclonal antibody 5B10 antibody
Blots were detected with peroxidase-labelled swine 
anti-goat lgG (1 200) (A & B) and peroxidase-labelled 
rabbit anti-mouse immunoglobulins (C)
- 1 0 9 -
F u s i o n s  9 and 10
Figures 3 3 5 and 3 3 6 show the ELISA results for fusions 
9 and 10. Eight hybrids from fusion 9 secreted antibodies 
that were completely free of non-speciflcity The great 
number of potentially interesting positive hybndomas, (31 
from fusion 10) necessitated a more informative screening 
procedure, so 5pl volumes of supernatants were dotted to 
nitrocellulose blots of delipidated lipoproteins at the 
regions where antigen was bound Fig 3 3 7a is an 
illustration of a blot dotted with 31 supernatants from 
fusion 10 Four antibodies, 2B6, 3F12, 3H5 and 4G1 bound 
the apolipoprotein B band at the top of the blot, and none 
of the other antibodies could be visualised m  this 
system When these h y b n d o m a s  were grown up and their 
supernatants rescreened by immunoblotting 3 antibodies, 
2B6, 3F12 and 4G1 gave a strong reaction with apoB (Fig 
3 3 8) Twelve supernatants from fusion 9 were also
*
tested by dotting. Only 3 could be visualised on the dot 
blots and they bound everywhere they were dotted ( see Fig 
3 3 7b) They were therefore assumed to be non-specific 
As there was a low h y b n d o m a  yield in subsequent fusions, 
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H y b n d o m a  supernatants from fusion 9 were screened by 
ELISA Absorbances were read at 490nm Continuous lines 
= test well Non-continuous lines = control well I = 
immune mouse serum at 1 1000 dilution






H y b n d o m a  supernatants from fusion 10 were screened by 
ELISA Absorbances were read at 490nm Continuous lines 
= test well. Non-continuous lines = control well I = 
immune mouse serum at 1 1000 dilution.
F i g  3 3 6
-112-
V
Thirty one h y b n d o m a  supernatants from fusions 9 and 10, 
which were ELISA-positive, were dotted to nitrocellulose 
blots of delipidated lipoproteins after electrophoresis in 
non-denaturing 5% polyacrylamide gels The direction of 
the gels was from the top of the figure to the bottom 
5ul volumes of supernatant were dotted Regions of the 
blot which were dotted are indicated with arrows and can 
also be discernable as pale areas on the blot The blot 
was detected with 1-100 peroxidase-labelled rabbit 
anti-mouse immunoglobulins. Four antibodies are visible 
binding apoB at the top of the blot Left to Right, a)
2B6, b) 3F12, c) 3H5, d) 4G1
F i g .  3 . 3  7 a .
- 1 1 3 -
a b e
Twelve h y b n d o m a  supernatants from fusion 9 were spotted 
to nitrocellulose blots of delipidated lipoproteins after 
electrophoresis in non-denaturing 5% polyacrylamide gels 
The dotted regions^are indicated (o) The blot was 
detected with 1*100 peroxidase-labelled rabbit-anti-mouse 
immunoglobulins. Left to Right* a) antibody 2d 6. b) 
antibody 2E5, c) antibody 2E12
F i g  3 3 7b
- 1 1 4 -

Nitrocellulose blots of apolipoproteins, after 
electrophoresis m  5% polyacrylamide non-denaturing gels 
were treated with monoclonal antibodies from fusion 10, 
which were positive after screening by dotting 
Polyclonal anti-lipoprotem antibodies were also used
a) 1 200 anti-beta-lipoprotein






Bands were detected with 1 500 peroxidase-labelled swine 
anti-goat lgG (a & b) and 1 20 peroxidase-labelled 
rabbit-anti-mouse immunoglobulins (c-g)
Fi g  3 3 8
- 1 1 5 -
Fusion 16 was performed using delipidated HDL^ as the 
immunogen, with the view to raising antibodies against 
apolipoproteins other than apoB. Fig 3 3 9 shows 43 of 
the 70 h y b n d o m a  supernatants that were screened by 
dotting On the left is an immunoblot of delipidated HDL^ 
run on a 5% polyacrylamide non-denaturing gel and detected 
with anti-alpha-lipoprotem. Under these conditions the 
proteins have not separated well. Nevertheless the 
supernatants were dotted to the regions on the undetected 
blot which corresponded to the protein sites Three 
supernatants, 1D3, 3H9 and 5F4 bound strongly and with 
good specificity to a single region on the blot. As they 
bound with similar pattern, it was concluded that they 
each recognised the same apolipoprotem 3H9 was grown up 
to large volumes The supernatant was reacted with 
nitrocellulose blots of 10% polyacrylamide SDS gel Fig 
3 3 10 shows such a blot which was first stained for total 
protein with amido black, and then immunoblotted with 3H9 
supernatant The antibody binds a protein of molecular 
weight less than 14,100, which runs with the dye front 
under these conditions
F u s i o n  16
- 1 1 6 -

Forty three of the 70 hybridomas from fusion 16, which 
were screened by dotting 5pl of supernatant to 
nitrocellulose blots of delipidated HDL^, after 
non-denaturing electrophoresis in 5% polyacrylamide gels.
A portion of the blot, shows on the left of the figure,(•), 
was reacted with 1:400 anti-alpha-lipoprotein and detected 
with 1:500 peroxidase-labelled swine anti-goat lgG. 
Monoclonal antibodies reactive to HDL^ antigen was 
detected in the dotted supernatant by treating with 1:100 
peroxidase-labelled rabbit anti-mouse lgs.
Positive antibodies: a) 1D3, b) 3H9, c) 5F4.
The direction of electrophoresis was from the top of the 
figure to the bottom.
F i g .  3 . 3 . S
- 1 1 7 -
t
A 10% polyacrylamide / SDS gel of high density lipoprotein 
was blotted to nitrocellulose The blot was stained with 
Amido Black B, as described m  methods After destainmg 
it was washed 3-4 times in washing buffer before adding 
supernatant of antibody 3H9 The blot was then detected 
with 1 100 peroxidase-labelled rabbit-antl-mouse 
immunoglobulins
a) HDL^ (reducing buffer), b) molecular weight markers, c) 
LDL (in reducing buffer), d) HDL^ (non-reducing buffer)
The band detected by 3H9 is indicated with the arrow
Fi g  3 3 10
- 1 1 8 -
3 4 D i s c u s s i o n
3 4 1 Immunisation techniques
Initially 4 bi-weekly injections of delipidated 
lipoproteins, was chosen because that was what was 
favoured by Tikkanen et a l , (1982), who produced anti-LDL 
monoclonal antibodies In my experience, however, that 
process proved lengthy and the fusions resulted m  little 
or no antibody-secreting hybndomas For instance, fusion
4 yielded only 3 hybndomas and although no optical 
density readings were taken, by visual inspection they 
were weakly reactive compared to the immune serum
From fusion 5 onwards, the regimen was changed to 3 weekly 
intrapentoneal injections and it resulted in high yields 
of productive hybndomas In fusions 8, 9 and 10 many of 
the monoclonal antibodies bound more strongly than the 
immune mouse serum, so it appeared that fusions performed 
after the shorter lmmunisation procedure were better timed 
for obtaining rapidly-dividing B-lymphocytes from the 
spleen
Immunisation schedules vary widely among different 
workers, (C F Tikkanen et al., ( 1982), Milne et al.,( 1983)) 
even among groups which have raised antibodies against 
lipoproteins, so choosing an immunisation schedule that 
will produce results is very much a matter of 
experimentation My experience with using a total 
apolipoprotein fraction as the immunogen was that all the 
resulting monoclonal antibodies were against
-120-
apolipoprotein B even though many other proteins were also 
present and, judging by the intensity of the stained bands 
on SDS gels, apoA-1 was present in equal, if not greater, 
amounts Clearly, apoB is the immunodominant protein 
under these circumstances When HDL^ was the immunogen, 
as in fusions 11 and 12, only a small number of hybndomas 
resulted, but again, all of them were directed against 
apoB This protein could not be detected on a stained gel 
of HDL^ although a blot of this protein detected with 
antl-alpha-lipoprotein reveals very faint binding of apoB 
to the antibody (see figs 4 2 1 and 4 2 3), indicating 
that trace amounts of apoB are present Only the last 
fusion resulted in antibodies that were not against 
apoprotein B and it is noteworthy that the immunisation 
schedule was altered m  this case and, for the first time, 
no emulsion was used m  the last injection
3 4 2 Limitations on screening assays
The ELISA technique that I chose to identify monoclonal 
antibodies after a fusion was one based on Watt and Watt, 
(1983), but peroxidase was the choice of enzyme, rather 
than B-galactosidase as favoured by the authors The 
specificity and sensitivity of the technique was borne out 
by the strong reaction of the immune mouse serum and not 
normal mouse serum, when tested
A visually discernable colour change was a sufficient 
criterion for positivity, although from fusion 6 on,
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optical density readings were taken also When positive 
antibodies were detected in fusion 4, the h y b n d o m a  cells 
were injected into mice for growth as a ascitic tumour 
The h y b n d o m a  supernatants bound weakly m  the ELISA 
compared with the immune mouse serum and it was hoped that 
the antibodies in the ascitic fluid would bind more 
'strongly and be suitable for blotting experiments 
Ascites fluids from fusion 4, 3C2F8 and 3C2G10 were tested
by ELISA at varying dilutions against a fixed amount
(5jug/well) of apolipoprotein antigen It was discovered 
that the amount of antigen bound was limiting the reaction 
for monoclonal antibody but not polyclonal antibody, so 
that only enough antibody that would result in an 
absorbance of 0 25 was allowed to bind (table 3 4) This 
amount was already present in supernatant and in the 
1 1000 dilution of ascites fluid So, for two antibodies 
from that fusion at least, the antigenic determinant 
appeared to be present on a minor component of the 
apolipoprotein mixture, which bound to the ELISA well m  
very small amounts
It was decided, therefore, to add large amounts of
apolipoprotein to SDS gels for blotting in the hope of
visualising the antigen A 1*100 dilution of ascites 
fluid was used Antibody binding was still very faint 
however Further attempts to visualise monoclonal 
antibody binding on nitrocellulose blots was unsuccessful 
until 5B10 from fusion '8^ was shown to be reacting with 
apolipoprotein B on SDS gel blots
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For antibodies 3C2F8, 3C2G10 and 1H5G11, the identity of 
the antigen remained unknown The cells were frozen and 
further experiments with these antibodies were set aside, 
while another fusion was carried out m  the hope of 
raising antibodies, which could be more easily detected in 
SDS gel blots, and therefore identified with regard to 
their apoprotein antigen The same ELISA method was used 
as in earlier experiments because of its previous success 
Unfortunately, at this stage of this project a problem was 
encountered In fusions 6 and 7, the antibodies bound 
non-specifically to both antigen-coated and uncoated 
wells Antibodies raised in fusion 6 were initially 
apolipoprotem-specif i c  , but just over a month later, the 
cloned cell lines and the ascites fluids of the same 
antibodies contained non-specific antibody 
In fusion 7, 21 of the 23 antibody-secreting hybndomas 
that were initially identified were non-specific, with the 
others reverting to non-speciflcity or becoming negative 
before the next screening The reason for this was 
unknown Fortunately, only 6 non-specific antibodies were 
identified out of 37, after fusion 8, along with three 
which became non-specific subsequently
In retrospect, it becomes evident that the percentage of 
hybndomas secreting non-specific antibody was similar m  
both fusions 8 and 7 480 hybndomas were screened after
fusion 7 and approximately 5% were non-specific, while 183 
hy b ndomas were screened after fusion 8, and only 3-4% 
were non-specific As 5ug of apolipoprotein were added to
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the plates for fusion 8, and only 2 4pg /well for fusion 
7, it appears likely that the concentration of the antigen 
was too low to pick up anything other than non-specific 
antlbody
Immunoblotting was the chosen technique to further 
characterise the antibodies by identifying their antigen 
protein However, of 21 supernatants tested, only 5B10 
could be visualised reacting with apolipoprotein 
Although 6C9 was subsequently shown to be able to bind its 
SDS-treated antigen after blotting, the proportion of 
antibodies which still bound after SDS treatment of the 
antigen was very low One reason for the failure of 
antibodies to be detected on blots after denaturing gels 
are used is the irreversible denaturation of the antigenic 
determinants by the SDS and this phenomenon had been 
suggested by Burnette, (1981), who stated that it would 
severely limit screening assays with monoclonal 
antibodies However, while this appeared to be true in my 
experience, it was not such a severe problem for other 
authors who raised anti-apolipoprotem B antibodies Of 
the seven antibodies of Marcel et al, (1982), four bound 
strongly to electrophoretic blots of LDL-apoB after SDS 
gel electrophoresis while under the same conditions the 
other three bound weakly and were thought to be directed 
against determinants that were masked by the presence of 
SDS Curtiss and Edgington, (1982), were able to detect 
binding of nine of their 11 anti-VLDL or anti-IDL 
antibodies to apoB, after transfer from SDS gels to
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nitrocellulose
One major difference between the method that I used and 
that of other authors was in the immunisation procedure 
Also, m  my case the immunogen was presented m  the 
partially delipidated form as opposed to using holo-LDL 
which the other workers used, but it remains unknown 
whether this had any bearing on the production of 
monoclonal antlbodies which largely recognised antigenic 
determinants that were sensitive to denaturation, and 
therefore probably conformational in nature 
In any event, electrophoresis m  non-denaturing gels 
followed by nitrocellulose blotting and immunodetection 
was a successful technique for the characterisation of the 
monoclonal antibodies of fusion 8 and it enabled the 
identification of the bound apolipoprotein as apoB
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3 4 3 D o t - b l o t t i ng
While the ELISA technique was successful in detecting 
antl-apolipoprotein antibodies it was limited in that it 
could not identify which proteins out of the mixture were 
specified by the monoclonal antibodies For this, a 
further screening method had to be devised and while the 
immunoblotting technique was successful m  the case of 
non-denatunng gels, it required at least 5ml volumes of 
h y b n d o m a  supernatant, which meant that all positive cells 
identified by the ELISA had to be grown up to larger 
volumes This obviously took some time, especially with 
such a large number of hybndomas, and cells could easily 
become negative for antibody secretion, or succumb to 
bacterial or fungal contamination at this stage it was 
also clear that antibodies which initially bound strongly 
m  the ELISA, and were cloned on that basis, were not 
necessarily the most interesting 5B10 bound less 
strongly m  ELISA's, on both first and second screenings, 
and was only cloned after it was detected binding to apoB 
on blots The need for a more rapid and selective 
screening method became evident A system was needed that 
would quickly detect positive antibodies and, at the same 
time, identify the apolipoprotein that was bound by the 
antibody The method would also determine which 
antibodies bound strongly to nitrocellulose-immobilised 
antigens, because the blotting technique was the chosen
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approach for monoclonal antibody characterisation and 
would form the basis of nearly all the ensueing 
experiments
The dot-blotting technique used after fusions 9 and 10, 
appeared to fulfill all these requirements Hybndomas  
were first screened by ELISA and all the positive cell 
supernatants, (16 from fusion 9 and 31 from fusion 10) 
were spotted, m  5jul amounts, to the apolipoproteins on 
nitrocellulose blots of non-denaturing gels Only 4 of 
the antibodies from fusion 10 were still positive, hence 
the workload was reduced and potentially interesting 
antibodies were selected at an early stage
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3 4 4 3H9 a n t i b o d y
A monoclonal antibody against a component of high density 
lipoprotein was produced after fusion 16 It was one of 
three antibodies which appeared to be directed against the 
same apoprotein on blots On 10% SDS gel blots, the 
antibody, 3H9, binds a low molecular weight protein that 
runs with the dye front (fig 3 3 10), while on 15% gel 
blots (not shown) the band stained is very diffuse Low 
molecular weight proteins of the high density lipoprotein 
class include apoprotein A-ll (Mr = 17,000 (dimeric form)
) and the C apoproteins, C-l (Mr = 6500), C-ll (Mr = 8800) 
and Olll (Mr = 8750), which comprise minor components of 
the HDL fraction Other low molecular weight proteins 
complexed with HDL include the amyloid related serum 
protein SAA (Mr = 12,000) (Marhaug et al, 1982) and sterol 
carrier protein (Mr = 10,000)
The possibility that 3H9 was directed against one of the 
C-apoproteins appears unlikely because the antibody does 
not bind VLDL proteins on blots Neither does the protein 
behave like apoA-11, which would have an apparent 
molecular weight of 17,000 in non-reducing buffer The 
identity of the antigen for 3H9 remains unresolved
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Immunodetection of apolipoproteins of different
density classes
CHAPTER 4
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CHAPTER 4
Immunodetection of apolipoproteins of different density 
classes
Monoclonal antibodies were tested for their reactivity to 
delipidated lipoproteins, of different density classes, 
which were separated by electrophoresis under both 
denaturing and non-denaturing conditions before transfer 
to nitrocellulose An ELISA was also performed with the 
lipoprotein fractions, using four monoclonal antibodies 
from fusion 8 This chapter describes the findings from 
these experiments
4 1 Immunodetection by ELISA
Preparations of VLDL, LDL, HDL2 , HDL^ and total 
lipoprotein were each adjusted to protein concentration of 
25ug/ml and 200ul were added to the wells of a 96-well 
plate
Four monoclonal antibodies from fusion 8, 5B10, 6C9,
6G10A4 and 6E11A5 were allowed to react with the bound 
lipoproteins in triplicate The absorbance readings are 
given in table 4 1 1
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Antibody HDL- HEL- VLDL UX Lipcprotein Delipidated
lipcprotem




























































Table 4 1 1  ELISA of 4 monoclonal antibodies
Table 4 1 1  Reactivity of monoclonal antibodies with 
lipoprotein fractions after ELISA 5jmg of lipoprotein was 
added to each well Bound antibody was detected by adding 
1,1000 peroxidase-labelled rabbit anti-mouse 
immunoglobulin The figures are absorbances at 490nm and 
values represent the mean figure of 3 determinations, * 
standard deviation 
Normal serum was diluted 1 1000.
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Each of the antibodies bound LDL with the greatest 
reactivity However, they showed differences in their 
VLDL reactivities Whereas 6G10A4 bound this lipoprotein 
with almost the same reactivity as it did with LDL, 5B10 
and 6E11A5 bound with a reactivity which was approximately 
half that for LDL, and 6C9 had very low reactivity 
All the antibodies bound to a delipidated total 
lipoprotein fraction with very low reactivity and while 
they bound with low reactivity with HDL^ they showed 
intermediate reactivity with HDL2 This aspect of the 
results was unexpected
4 2 Immunodetection on nitrocellulose blots of 
SDS gels of lipoprotein fractions
Delipidated lipoproteins of VLDL, LDL, HDL2, HDL^ and 
total lipoprotein were separated on 10% polyacrylamide SDS 
gels before transfer to nitrocellulose Monoclonal 
antibodies and polyclonal antl-alpha-lipoprotein and 
ant l-beta-lipoprotem (diluted 1 400 and 1 200 
respectively, m  blocking solution) were reacted to each 
of the blotted sets Another blot was stained for total 
protein with India Ink
Coomassie Blue'and silver stained gels are shown in fig 
4 2 1 a  In the Coomassie stained gel, (fig 4 2 1 a )  only 
bands which correspond m  molecular weight to apoprotein
t
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A-1 and apoprotein B can be detected, while the silver 
stained gels, (figs 4 2 1 B) & C) ), reveal several more 
apolipoprotein bands The total apolipoprotein fraction 
was prepared without a second ultracentrifugation step and 
therefore some albumin is visible as a contaminant. The 
HDL2 preparation is very severely contaminated with other 
proteins, while the LDL preparation has some apoA-1 and 
albumin.
The India Ink-stained blot on fig 4.2 2 shows that the 
proteins of slower mobility reacted with stain more 
strongly On the same figure, 4 monoclonal antibodies 
have been reacted with blots and reveal variations in 
reactivity to the lipoproteins 5B10 showed the strongest 
reactivity with the apoprotein B - c o n t a m m g  lipoproteins 
and bound in a different manner to the apoB of the 
different lipoprotein classes Two other antibodies,
4G1B4 and 3F12D12 bound weakly but with distinct 
differences in their binding patterns, while 6G10A4 had 
very little reactivity.
Looking at the apoB as bound by 5B10, it is clear this
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10% polyacrylamide / SDS gels of delipidated lipoprotein 
fractions were stained with (A) Coomassie Blue, (B & C) 
silver stain.
Gel A a) HDL2 , b) LDL, c) VLDL, d) total 
apolipoprotein extract, e) HDL^.
i
Gel B Left to right, a) apolipoprotein, b) VLDL, c)
LDL, d) HDL2 , e) HDL3
Gel c  Left to right a) Molecular weight standards b)
apolipoprotein, c) VLDL, d) LDL
F ig  4 2 1
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A SDS / 10% polyacrylamide gel of delipidated lipoprotein 
fractions was blotted to nitrocellulose A Blot stained 
with India Ink Left to right a) HDL^, b) HDL^r c)
L D L, d) VLDL,  e) total apolipoprotem Blots B-E were 
incubated in h y b n d o m a  supernatants B) 5B10, C) 6G10A4, 
D) 4G1B4, E) 3F12D12, and detected with 1 100 
peroxidase-labelled rabbit-anti-mouse immunoglobulin a) 
total apolipoprotem, b) VLDL,  c) LDL,  d) HDL2 , e)
HDL3
F i g  4 2 2
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protein migrates under these electrophoretic conditions as 
a stack of bands which have slightly different patterns in 
all three lipoprotein fractions. The major difference 
between the LDL and VLDL lanes and the apolipoprotem lane 
is the presence of a band of faster mobility in VLDL and 
LDL which is only barely visible in the apolipoprotem 
lane This may reflect the difference m  isolation 
procedures for the different lipoproteins or it may be a 
result of differences in storage times between VLDL and 
LDL and the apolipoprotem fraction
Within VLDL and LDL the band exhibits a different pattern* 
there is a weak and strong doublet for LDL while for 
VLDL a continuous thick band is seen The reason for this 
is unknown, nor is it possible to say which apoB species 
is represented by the band
In Fig 4 2 3a polyclonal anti-alpha lipoprotein and anti 
beta-lipoprotein have been reacted to blots, while in fig 
4 2 3b, 7 monoclonal antibodies' reactivities are shown 
In this case the supernatants were collected from cells 
after continuously passaging the cells over a period of 
several months All the collected supernatants for each 
antibody were then combined and thimerosal was added as 
preservative to a final concentration of 0 1% (w/v). The 
pooled supernatants were aliquoted into 25ml volumes and 
stored at 4°c They were still active after several 
months.
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F i g  4 2 3a .
An SDS/10% polyacrylamide gel of delipidated lipoprotein 
fractions was blotted to nitrocellulose
A Blot incubated m  1: 200 antl-alpha-lipoprotem
B Blot incubated in 1*200 anti-beta-lipoprotem
a) total apolipoprotem b) VLDL c) LDL d) HDL*2 e) HDL^
Bands were detected with 1:500 peroxidase-labelled 
swine-antl-goat igG
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F i g  4 2 3b
f r a c t i o n s  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e  B l o t s  w e r e
i n c u b a t e d  i n  h y b n d o m a  s u p e r n a t a n t s
B l o t  A ,  3H 9
B l o t  B ,  5 B l 0
B l o t  C ,  6 C 9
B l o t  D ,  4 G 1 B 4
B l o t  E ,  2 B 6 A 1 2
B l o t  F ,  3 F 1 2 D 1 2
B l o t  G ,  6 G 1 0 A 4
L e f t  t o  r i g h t  a )  t o t a l  a p o l i p o p r o t e i n ,  b )  V L D L , c )  
L D L ,  d )  H D L 2 , e )  HDL^
B l o t s  w e r e  d e t e c t e d  w i t h  1 1 0 0  p e r o x i d a s e  l a b e l l e d  
r a b b i t - a n t i - m o u s e  i m m u n o g l o b u l i n s
An SDS/10% p o l y a c r y l a m i d e  g e l  o f  d e l i p i d a t e d  l i p o p r o t e i n
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L o o k i n g  a t  t h e  p o l y c l o n a l  a n t i b o d i e s  f i r s t ,  
a n t i - b e t a - l i p o p r o t e i n  b i n d s  w e a k l y  t o  t h e  u p p e r  b a n d  o f  
a p o B  i n  LDL  a n d  a p o l i p o p r o t e m  w h i l e  a t h i n  b a n d  o f  
s l i g h t l y  f a s t e r  m o b i l i t y  c a n  b e  s e e n  m  t h e  L D L  l a n e  
V L D L  w a s  n o t  r u n  on  t h i s  p o r t i o n  o f  t h e  g e l  B a c k g r o u n d  
s t a i n i n g  o f  a l b u m i n  a n d  a p o A - 1  a r e  a l s o  v i s i b l e  
H D L 2 f HDL^  a n d  t o t a l  a p o l i p o p r o t e m  i s  s t r o n g l y  d e t e c t e d  
b y  a n t i  a l p h a - l i p o p r o t e i n , w h i c h  a l s o  b i n d s  o t h e r  p r o t e i n s  
o f  l o w e r  m o l e c u l a r  w e i g h t  T h e s e  w i l l  p r o b a b l y  i n c l u d e  
t h e  C - a p o p r o t e i n s  a n d  t h e  m o n o m e r i c  f o r m  o f  a p o A - 1 1  t h o u g h  
i f  t h e  s a m p l e  w a s  i n c o m p l e t e l y  r e d u c e d  t h e  d i m e r  may  a l s o  
b e  p r e s e n t
T h e  m o n o c l o n a l  a n t i - a p o B  a n t i b o d i e s  ( f i g  4 2 3 b )  c a n  b e  
d i v i d e d  i n t o  t w o  g r o u p s  2 B 6 A 1 2 ,  3 F 1 2 D 1 2  a n d  6 G 1 0 A 4  h a v e  
l i t t l e  o r  n o  r e a c t i v i t y  a t  t h e s e  c o n c e n t r a t i o n s  o f  
a p o p r o t e i n  w h i l e  4 G 1 B 4 ,  5 B 1 0  a n d  6 C 9  e x h i b i t  s t r o n g e r  a n d  
m o r e  v i s i b l e  b i n d i n g  T h e  b i n d i n g  p a t t e r n s  d i f f e r  w i t h i n  
t h e s e  t h r e e  a n t i b o d i e s  6 C 9  b i n d s  t h e  t h i n  b a n d  a t  t h e  
t o p  o f  e a c h  l a n e  a n d  t h e  f a s t e r  LDL b a n d  m  a m a n n e r  w h i c h  
i s  s i m i l a r  t o  t h e  p a t t e r n  o f  t h e  a n t l - b e t a - l i p o p r o t e m  
b i n d i n g ,  w h i l e  5 B 1 0  b i n d s  t h i s  b a n d  l e s s  s t r o n g l y  a n d  t h e  
f a s t e r  LDL b a n d  w i t h  g r e a t e r  r e a c t i v i t y  O t h e r  b a n d s  
f u r t h e r  d o w n  t h e  g e l  a r e  a l s o  v i s i b l e  a n d  o v e r a l l  i t  i s  
t h e  LDL w h i c h  e x h i b i t s  t h e  s t r o n g e s t  r e a c t i v i t y  f o r  t h i s  
a n t i b o d y  4 G 1 B 4  b i n d s  t o  e v e r y  b a n d  w i t h  e q u a l  i n t e n s i t y  
a n d  m o r e  f a i n t l y  t h a n  t h e  o t h e r  t w o  a n t i b o d i e s  3H9  w a s  
r a i s e d  a g a i n s t  a d e l i p i d a t e d  H D L^  p r e p a r a t i o n  a n d  b i n d s  a 
p r o t e i n  o f  v e r y  l o w  m o l e c u l a r  w e i g h t  i n  H D L 2 , H D L 3 a n d
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I f  a  m o l e c u l a r  w e i g h t  o f  5 5 0 , 0 0 0  i s  a s s u m e d  f o r  a p o B ,  t h e n  
u n d e r  t h e s e  e l e c t r o p h o r e t i c  c o n d i t i o n s  a p o B - 1 0 0 ,  a n d  B - 7 4  
o f  L D L ,  a s  w e l l  a s  a p o B - 4 8  o f  V L D L  a r e  p r e s e n t  i n  t h e  
t h i c k  b a n d  o f  l o w e s t  m o b i l i t y  a t  t h e  t o p  o f  t h e  
a p o l i p o p r o t e m ,  V L D L  a n d  L D L  l a n e s  T h e  m o l e c u l a r  w e i g h t  
o f  t h e  b a n d  o f  f a s t e r  m o b i l i t y  t h a t  i s  m o s t  h e a v i l y  
s t a i n e d  i n  t h e  L D L  l a n e  h a s  b e e n  m e a s u r e d  a t  1 3 6 , 0 0 0 ,  
w h i c h  a p p r o x i m a t e s  a p o B - 2 6  I t  i s  n o t  p o s s i b l e  u n d e r  t h i s  
s y s t e m  t o  d i f f e r e n t i a t e  a n t i b o d i e s  a g a i n s t  a p o B - 1 0 0  f r o m  
t h o s e  a g a i n s t  a p o B - 4 8 .
4 . 3  I m m u n o d e t e c t i o n  o n  n i t r o c e l l u l o s e  b l o t s  
o f  n o n - d e n a t u r i n g  g e l s  o f  a p o l i p o p r o t e m s
N o n - d e n a t u r i n g  g e l s  w e r e  r u n  a c c o r d i n g  t o  t h e  m e t h o d  o f  
D a v i s  ( 1 9 6 4 )  w i t h  5% a c r y l a m i d e  a n d  t h e  a p o l i p o p r o t e m  
f r a c t i o n s  a d d e d  i n  t h e  s a m e  o r d e r  a s  f o r  t h e  SDS g e l s  I t  
i s  c l e a r  t h a t  t h i s  s y s t e m  d o e s  n o t  s e p a r a t e  a p o p r o t e i n s  
w e l l ,  p a r t i c u l a r l y  h i g h  d e n s i t y  l i p o p r o t e i n  a p o p r o t e i n s  
F i g .  4 3 1 i s  a  s i l v e r  s t a i n e d  g e l  o f  t h e  a p o l i p o p r o t e m  
f r a c t i o n s ,  w h i l e  f i g  4 3 l b  s h o w s  t h e  b i n d i n g  o f  t h e  
p o l y c l o n a l  a n t i - a l p h a  a n d  a n t i - b e t a - l i p o p r o t e m  t o  t h e  
n i t r o c e l l u l o s e  r e p l i c a s .
L i t t l e  i n f o r m a t i o n  c a n  b e  g o t  f r o m  t h e  b l o t  t r e a t e d  w i t h  
a n t i - a l p h a - l i p o p r o t e i n  w h i l e  t h e  a n t i - b e t a - l i p o p r o t e i n  
r e a c t e d  w i t h  t h e  a p o B  o f  V L D L ,  L D L  a n d  a p o l i p o p r o t e m  w i t h  
s i m i l a r  p a t t e r n s  a n d  w i t h  e q u a l  i n t e n s i t y
more s t r o n g l y  i n  t o t a l  a p o l i p o p r o t e m
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A 5% p o l y a c r y l a m i d e  /  n o n - d e n a t u r i n g  g e l  o f  d e l i p i d a t e d  
l i p o p r o t e i n  f r a c t i o n s  w a s  s i l v e r  s t a i n e d .  L e f t  t o  r i g h t
a )  H D L 3 , b)  H D L 2 , c )  L D L ,  d )  V L D L  e ) t o t a l  
a p o l i p o p r o t e i n .
F i g .  4 . 3 . 1 a
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A 5% p o l y a c r y l a m i d e  /  n o n - d e n a t u r i n g  g e l  o f  d e l i p i d a t e d  
l i p o p r o t e i n  f r a c t i o n s  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e  
B l o t s  w e r e  i n c u b a t e d  i n ,  A 1 2 0 0  a n t i - a l p h a - l i p o p r o t e m  
B 1 2 0 0  a n t l - b e t a - l i p o p r o t e i n  a n d  d e t e c t e d  w i t h  1 5 0 0  
p e r o x i d a s e - l a b e l l e d  s w m e - a n t l - g o a t  l g G  
L e f t  t o  r i g h t  a )  t o t a l  a p o l i p o p r o t e i n , b )  V L D L ,  c )
t
L D L , d *) H D L 2 , e )  H D L^
Fi g  4 3 l b
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F i g  4 3 . 1 c  i l l u s t r a t e s  t h e  r e a c t i o n  o f  t h e  m o n o c l o n a l  
a n t i b o d i e s  w i t h  t h e  r e p l i c a s .  3H9  i s  a n  a n t i b o d y  a g a i n s t  
a  HDL a p o p r o t e i n  a n d  i t  b i n d s  i n  a p a t t e r n  w h i c h  i s
s i m i l a r ,  t h o u g h  m o r e  i n t e n s e ,  t o  t h e
a n t i - a l p h a - l i p o p r o t e i n  b l o t  T h e  a n t i b o d y  w h i c h  b i n d s  t h e
m o s t  s t r o n g l y  t o  t h e  a p o B  m  t h i s  s y s t e m  i s  3 F 1 2 D 1 2  
4 G 1 B 4  a l s o  d e t e c t s  HDL a p o p r o t e i n  a s  e v i d e n c e d  b y  i t s  
f a i n t e r  b i n d i n g  t o  t h e s e  p r o t e i n s  I t  a l s o  b i n d s  t o  L D L  
m o r e  s t r o n g l y  t h a n  V L D L  o r  a p o l i p o p r o t e i n  On t h e  o t h e r  
h a n d  6 G 1 0 A 4  a p p e a r s  t o  b i n d  t h e  a p o l i p o p r o t e i n  B w i t h  
s l i g h t l y  m o r e  r e a c t i v i t y  t h a n  i t  h a s  f o r  t h e  a p o B  o f  L D L  
o r  V L D L
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A n o n - d e n a t u r i n g  /  5% p o l y a c r y l a m i d e  g e l  o f  d e l i p i d a t e d  
l i p o p r o t e i n  f r a c t i o n s  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e .
B l o t s  w e r e  i n c u b a t e d  i n  h y b n d o m a  s u p e r n a t a n t  
B l o t  A .  2 B 6 A 1 2  
B l o t  B 3 F 1 2 D 1 2 .
Blot C 6 G 1 0 A 4  
Blot D. 3 H 9
Blot E 4 G 1 B 4
Blot F 5 B 1 0
Blot G 6C 9
Left to right, a) total apolipoprotein, b) VLDL, c) LDL , 
d) HDL2, e) hdl3
Blots were detected with 1 1 0 0  peroxidase-labelled rabbit 
anti-mouse immunoglobulins
F i g  4 3 . 1 c
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A 3 58% p o l y a c r y l a m i d e  /  n o n - d e n a t u r i n g  g e l  o f  
l i p o p r o t e i n s  a n d  p l a s m a  p r o t e i n s  w a s  s t a i n e d  w i t h  
C o o m a s s i e  b l u e  L e f t  t o  r i g h t  a )  t o t a l  l i p o p r o t e i n
b )  H D L^  c )  L D L  d )  p l a s m a  s a m p l e
Fi g  4 4 l a
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n o n - d e n a t u r i n g  g e l s  o f  n a t i v e  l i p o p r o t e i n s .
F i g u r e  4 . 4 . 1  s h o w s  a  p h o t o g r a p h  o f  t h e  C o o m a s s i e  b l u e  
s t a i n e d  g e l ,  o n  w h i c h  w a s  r u n  f r e s h l y  o b t a i n e d  p l a s m a ,
L D L , H D L ^  a n d  t h e  a p o l i p o p r o t e m  p r e p a r a t i o n  T h e  a l b u m i n  
b a n d  i s  t h e  t h i c k e s t  a n d  h e a v i e s t  a n d  a l p h a l i p o p r o t e i n  i n  
t h i s  s y s t e m  h a s  t h e  f a s t e s t  m o b i l i t y  a n d  m i g r a t e s  a s  a  
t h i n ,  s h a r p  l i n e .  I t  i s  t h e  o n l y  band" v i s i b l e  m  t h e  H D L^  
l a n e ,  w h i l e  L D L  i s  o n l y  b a r e l y  v i s i b l e  a l o n g s i d e  t h e  
p l a s m a ' s  b e t a - l i p o p r o t e i n  b a n d .  A n t i  a l p h a - l i p o p r o t e i n  
( f i g  4 4 l b )  h a s  s t a i n e d  t h e  a l p h a - l i p o p r o t e i n  b a n d  t h e  
m o s t  s t r o n g l y  b u t  t h e  o t h e r  b a n d s  i n  e v e r y  l a n e  a r e  a l s o  
p l a i n l y  v i s i b l e .  A n t i - b e t a  l i p o p r o t e i n  h a s  r e a c t e d  v e r y  
s t r o n g l y  i n  t h i s  s y s t e m  ( f i g . 4 . 4  l b )  w h i l e  a s  f o r  t h e  
m o n o c l o n a l  a n t i b o d i e s  3 H 9  b i n d s  v e r y  s t r o n g l y  a l s o  T h e  
a n t i - a p o l i p o p r o t e i n  B a n t i b o d i e s  c a n  b e  d i v i d e d  i n t o  t h r e e  
g r o u p s  w i t h  r e g a r d  t o  t h e i r  r e a c t i v i t i e s  2 B 6 A 1 2 ,  3 F 1 2 D 1 2  
a n d  6 G 1 0 A 4  b i n d  s t r o n g l y  a n d  b e t a - l i p o r o t e i n  c a n  b e  
d i s t i n g u i s h e d  a s  a  b a n d  m  t h e  p l a s m a  l a n e .  6 C 9  a n d  5 B 1 0  
a n t i b o d i e s  r e a c t  m o r e  f a i n t l y  a n d  b i n d  t o  t h e  
b e t a - l i p o p r o t e i n  i n  t h e  p l a s m a  l a n e  a s  a  c o n t i n u o u s  s m e a r  
4 G 1 B 4  a l s o  b i n d s  q u i t e  f a i n t l y  b u t  b e t a - l i p o p r o t e i n  i s  
m o r e  d i s t i n c t l y  d e t e c t e d  b y  t h i s  a n t i b o d y  t h a n  b y  6 C 9  a n d  
5 B 1 0 .  A l p h a - l i p o p r o t e i n  w a s  a l s o  d e t e c t e d  b y  t h i s  
a n t i b o d y ,  w h i c h  w a s  t h e  c a s e  m  t h e  D a v i s  g e l s .
A n o t h e r  p o i n t  o f  p o t e n t i a l  i n t e r e s t  i s  t h a t  a n t i b o d i e s  
4 G 1 b 4 ,  6 C 9  a n d  6 G 1 0 A 4  c r o s s  r e a c t  w e a k l y  t o  t h e  
a l p h a - l i p o p r o t e i n  b a n d  T h e  o t h e r  a n t i b o d i e s  d o  n o t
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I
VF i g  4 . 4  l b
A 3 58% p o l y a c r y l a m i d e  g e l  o f  n a t i v e  l i p o p r o t e i n s  a n d
p l a s m a  w a s  c a p i l l a r y  b l o t t e d  t o  n i t r o c e l l u l o s e .  B l o t s
w e r e  i n c u b a t e d  m  A 1 - 2 0 0  A n t i - a l p h a - l i p o p r o t e m ,  B .
1 2 0 0  a n t l - b e t a - l i p o p r o t e i n  a n d  d e t e c t e d  w i t h  1 - 5 0 0
p e r o x i d a s e - l a b e l l e d  s w i n e - a n t i - g o a t  l g G
Left to Right a) plasma b) LDL c) HDL^ d) total
l i p o p r o t e i n
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A 3 58% p o l y a c r y l a m i d e  ( n o n - d e n a t u r i n g  g e l  o f  l i p o p r o t e i n s  
a n d  p l a s m a  p r o t e i n s  w a s  c a p i l l a r y  b l o t t e d  t o  
n i t r o c e l l u l o s e
Blots were incubated in hybndoma supernatants Blot A 
2 B 6 A 1 2 ,  Blot B, 3 F 1 2 D 1 2 ,  Blot C 4 G 1 B 4  Blot D 3 H 9 ,  
Blot E 5 B 1 0 ,  Blot F 6 C 9 ,  Blot G 6 G 1 0 A 4  a) plasma,
b) LDL, c) HDL^ d) total apollpoprotein 
Blots were detected with 1 1 0 0  peroxidase-labelled rabbit 
anti-mouse immunoglobulins
Fi g  4 4 l c
- 1 4 8 -
D i s c u s s i o n
w e r e  c a r r i e d  o u t  t o  g a i n  s om e  i n s i g h t  i n t o  t h e  p r o p e r t i e s
o f  t h e  a n t i g e n i c  d e t e r m i n a n t s  a n d  t o  c o m p a r e  t h e i r
e x p r e s s i o n ,  1 ) a m o n g  t h e  d i f f e r e n t  l i p o p r o t e i n  c l a s s e s
a n d  1 1 ) i n  d i f f e r e n t  e l e c t r o p h o r e t i c  s y s t e m s  L o o k i n g  a t
t h e  r e a c t i v i t i e s  o f  t h e  p o l y c l o n a l  a n t i s e r a  t o  b e g i n  w i t h ,
m a n y  o f  t h e  d e t e r m i n a n t s  on, t h e  a p o l i p o p r o t e m  B m o l e c u l e
a p p e a r  t o  b e  r e m o v e d  b y  b o i l i n g  i n  S D S ,  a s  s h o w n  b y  t h e
f a c t  t h a t  t h e  a n t i s e r u m  b i n d s  m o r e  f a i n t l y  t o  t h i s  b l o t
t h a n  t o  t h e  r e p l i c a  o f  t h e  D a v i s  g e l  T h e  a n t i b o d y  a l s o
*
b o u n d  v e r y  s t r o n g l y  o n  t h e  n a t i v e  g e l  b l o t  T h e  s a m e  i s  
n o t  t r u e  f o r  a n t i - a l p h a - l i p o p r o t e m ,  w h i c h  i s  d i r e c t e d  
a g a i n s t  a r a n g e  o f  a n t i g e n i c  d e t e r m i n a n t s  d i s t r i b u t e d  o v e r  
d i f f e r e n t  p r o t e i n s  T h e s e  a r e  e q u a l l y  a n t i g e n i c  o n  SDS  
g e l  b l o t s  a s  on  n o n - d e n a t u r i n g  g e l  b l o t s
I t  c a n n o t  b e  r u l e d  o u t ,  h o w e v e r ,  t h a t  t h e  a p o B  m o l e c u l e  i n  
t h e  SDS g e l  w a s  p e r h a p s  l e s s  e f f i c i e n t l y  t r a n s f e r r e d  on  t o  
t h e  n i t r o c e l l u l o s e  t h a n  t h e  s m a l l e r  HDL p r o t e i n s  a n d  t h a n  
i t s  c o u n t e r p a r t  o n  t h e  n o n - d e n a t u r i n g  g e l s  T h i s  a l s o  
w o u l d  a c c o u n t  f o r  t h e  w e a k e r  r e a c t i v i t y  on  SDS g e l s  
T h e  i m m u n o d e t e c t i o n  e x p e r i m e n t s  p e r f o r m e d  w i t h  SDS g e l s  
w i t h  a l l  s e v e n  m o n o c l o n a l  a n t i b o d i e s  a n d  t h e  t w o  
p o l y c l o n a l  a n t i s e r a  w a s  a m o r e  c o m p l e t e  e x p e r i m e n t  t h a n  
t h a t  p e r f o r m e d  e a r l i e r  w i t h  o n l y  4 o f  t h e  m o n o c l o n a l  
a n t i b o d i e s  T h e  r e s u l t s ,  h o w e v e r ,  a r e  m o r e  d i s a p p o i n t i n g  
i n  t h a t  o v e r a l l  t h e  b a n d s  s t a i n e d  u p  m o r e  f a i n t l y  t h a n
I m m u n o d e t e c t i o n  e x p e r i m e n t s  w i t h  m o n o c l o n a l  a n t i b o d i e s
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p r e v i o u s l y ,  p a r t i c u l a r l y  f o r  a n t i b o d y  5 B 1 0 ,  a n d  m o r e  
i n f o r m a t i o n  o n  t h e  a n t i b o d i e s  s p e c i f i c i t y  c o u l d  b e  g a i n e d  
f r o m  t h e  e a r l i e r  e x p e r i m e n t
F o r  t h e  m o n o c l o n a l  a n t i - a p o B  a n t i b o d i e s ,  5 B 1 0 ,  6 C 9  a n d  
4 G 1 B 4  a r e  r e a c t i v e  t o  d e t e r m i n a n t s  t h a t  r e s i s t  b o i l i n g  i n  
d e t e r g e n t ,  w h i l e  f o r  t h e  o t h e r  t h r e e ,  t h e  d e t e r m i n a n t  i s  
a b o l i s h e d  L i t t l e  d i f f e r e n c e  i s  s e e n  m  t h e  r e a c t i v i t y  o f  
t h e  a n t i b o d i e s  t o  a p o B  on  a D a v i s  g e l
5 B 1 0  a n d  6 C 9 ,  h o w e v e r ,  a r e  l e s s  r e a c t i v e  t o  LDL  w h e n  i t  i s  
p r e s e n t e d  m  a n a t i v e  f o r m ,  a s  o n  t h e  3 58% p o l y a c r y l a m i d e  
g e l s  T h e y  p e r h a p s  r e c o g n i s e  a d e t e r m i n a n t  w h i c h  b e c o m e s  
m o r e  a c c e s s i b l e  a c c o r d i n g  a s  L D L  i s  d e l i p i d a t e d  a n d  
s u b j e c t e d  t o  t h e  c h a n g e s  m  c o n f o r m a t i o n  b r o u g h t  a b o u t  b y  
b o i l i n g  m  d e t e r g e n t  T h e  e p i t o p e s  f o r  2 B 6 A 1 2 ,  3 F 1 2 D 1 2  
a n d  6 G 1 0 A 4  a r e  s e n s i t i v e  t o  d e n a t u r a t i o n , b u t  a r e  
p r e s e n t e d  f u l l y  i n  n a t i v e  l i p o p r o t e i n s  i n d i c a t i n g  t h a t  
t h e y  p o s s i b l y  r e q u i r e  t h e  p r e s e n c e  o f  l i p i d  t o  m a i n t a i n  
a n t i g e n i c  s t r u c t u r e  T h e  p a r t i a l  d e l i p i d a t i o n  i n  
d i e t h y l e t h e r  b e f o r e  e l e c t r o p h o r e s i s  i n  a D a v i s  g e l  i s  
i n s u f f i c i e n t  t o  r e m o v e  t h i s  l i p i d  4 G 1 B 4  a p p e a r s  t o  
s p e c i f y  a d e t e r m i n a n t  w h i c h  i s  a l s o  p r e s e n t  on  a s m a l l  
p o r t i o n  o f  a l p h a  l i p o p r o t e i n  a n d  w h i c h  i s  s t a b l e  t o  
d e t e r g e n t  t r e a t m e n t  T h e  a l t e r e d  p a t t e r n s  o f  r e a c t i v i t y  
o f  6 C 9  a n d  5 B 1 0  o n  SDS g e l s  s u g g e s t s  t h a t  t h e  t w o  
a n t i b o d i e s  a r e  n o t  d i r e c t e d  a g a i n s t  t h e  s a m e  e p i t o p e  
M o r e  e v i d e n c e  f o r  t h i s  c o m e s  f r o m  t h e  E L I S A  W h i l e  som e  
a s p e c t s  o f  t h e  r e s u l t s  a r e  u n e x p l a i n e d ,  t h e  d i f f e r e n c e s  m  
t h e  r e a c t i v i t i e s  o f  t h e  a n t i b o d i e s  t o  V L D L  a r e  i n t e r e s t i n g
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i n  t h a t  t h e  d e t e r m i n a n t  f o r  6C9  i s  e i t h e r  n o t  p r e s e n t  on  
VLDL a p o B  o r  e l s e  i s  i n a c c e s s i b l e  t o  t h e  a n t i b o d y ,  
p o s s i b l y  b e c a u s e  l i p i d  m o l e c u l e s  o b s c u r e  t h e  e p i t o p e  T h e  
d e t e r m i n a n t s  f o r  5 B 1 0  a n d  6 E 1 1 A 5  a r e  e i t h e r  p r e s e n t  o n  
o n l y  h a l f  t h e  VLDL m o l e c u l e s  p r e s e n t e d  o r  e l s e  a p p e a r  on  
a l l  t h e  m o l e c u l e  b u t  a r e  p r e s e n t e d  m  s u c h  a w a y  t h a t  t h e  
a n t i b o d i e s  b i n d  w i t h  o n l y  h a l f  t h e  a f f i n i t y  6 G 1 0 A 4  
r e c o g n i s e s  a d e t e r m i n a n t  w h i c h  i s  a l m o s t  e q u a l l y  e x p r e s s e d  
on  b o t h  VLDL a n d  LDL
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Chapter  5
M o d i f i c a t i o n  o f  a n t i g e n i c  d e t e r m i n a n t s  
o n  a p o l l p o p r o t e i n  B
- 1 5 2 “
This chapter describes findings from experiments in which 
apolipoproteins of a total lipoprotein fraction or of low 
density lipoprotein were separated on non-denaturmg 
(Davis) gels, blotted to nitrocellulose, and then treated 
with various chemical / enzymic reagents before reaction 
with six anti-apolipoprotein B monoclonal antibodies The 
objective was to determine whether such modifications 
would, through altered immunoreactivities, yield any 
information on the molecular nature of the epitope, for 
instance whether the epitope was contained on the peptide, 
carbohydrate or lipid regions of the molecule 
For this reason, lipase and neuraminidase were included 
among the enzymes, as well as trypsin, pepsin and 
proteinase K, and blots were also treated with organic 
solvent before addition of antibody, to assess the lipid 
dependence of the epitope
When the antigen is immobilised on a solid surface, such 
as a nitrocellulose blot, the subsequent modification 
reaction procedure can be performed more rapidly, because 
at the end of the incubation, unreacted agent can be 
poured away and the blot washed.
The effects of epitope modification on the subsequent 
immunoreactivities of polyclonal anti-alpha- and 
anti-beta-1îpoprotein were also studied
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5 1 I m m u n o d e t e c t i o n  on s o l v e n t  t r e a t e d  b l o t s
I n  f i g  5 1 1 a  b l o t  o f  a p o l l p o p r o t e m s  w a s  t r e a t e d  w i t h  
h e x a n e  i s o p r o p a n o l  ( 3  2 ) ,  b e f o r e  a d d i n g  m o n o c l o n a l  a n d  
p o l y c l o n a l  a n t i b o d y  T h e  a i m  w a s  t o  t e s t  t h e  s e n s i t i v i t y  
o f  t h e  e p i t o p e ,  f o r  e a c h  o f  t h e  m o n o c l o n a l  a n t i b o d i e s ,  t o  
t h i s  t r e a t m e n t
T h e  e f f e c t  o f  t h e  s o l v e n t  on  t h e  n i t r o c e l l u l o s e  w a s  t o  
c a u s e  a s l i g h t  d i s c o l o u r a t i o n  W i t h  r e g a r d  t o  t h e  b i n d i n g  
o f  t h e  p o l y c l o n a l  a n t i b o d i e s  o n l y  a s l i g h t  r e d u c t i o n  i n  
r e a c t i v i t y  c o u l d  b e  s e e n ,  w h i l e  t h e  m o n o c l o n a l  a n t i b o d i e s  
d i s p l a y  d i f f e r e n c e s  m  t h e i r  r e a c t i v i t i e s  m  t h a t  t h e  
s o l v e n t  h a s  a l m o s t  c o m p l e t e l y  p r e v e n t e d  b i n d i n g  o f  5 B 1 0 ,  
6C9  a n d  6 G 1 0 A 4 ,  a n d  s l i g h t l y  l o w e r e d  t h e  4 G 1 B 4  b i n d i n g ,  
w h i l e  2 B 6 A 1 2  a n d  3 F 1 2 D 1 2  b i n d i n g  i s  u n a f f e c t e d
5 2 Im m u n o d e t e c t i o n  on  e n z y m e - t r e a t e d  b l o t s
I n  f i g  5 2 1 1  LDL  a p o p r o t e i n ,  a f t e r  n o n - d e n a t u r i n g  g e l  
e l e c t r o p h o r e s i s  a n d  b l o t t i n g  t o  n i t r o c e l l u l o s e ,  w a s  
t r e a t e d  w i t h  v a r y i n g  d i l u t i o n s  o f  t r y p s i n  b e f o r e  r e a c t i o n  
w i t h  t h e  m o n o c l o n a l  a n d  p o l y c l o n a l  a n t i b o d i e s  A t  a 
c o n c e n t r a t i o n  o f  l m g / m l , t r y p s i n  r e m o v e d  t h e  e p i t o p e  f o r  
5 B 1 0  a n d  f o r  t h e  p o l y c l o n a l  a n t i b o d i e s ,  w h i l e  t h e  e p i t o p e s  
f o r  t h e  r e m a i n i n g  f i v e  m o n o c l o n a l  a n t i b o d i e s  w e r e  
u n a f f e c t e d .  f  ' u
S e v e r a l  m o n o c l o n a l  a n t i b o d i e s  f r o m  f u s i o n  8 w e r e  a l s o  
r e a c t e d  w i t h  n i t r o c e l l u l o s e - i m m o b i l i s e d  a p o  L D L  a f t e r
- 1 5 4 -
e l e c t r o p h o r e s i s  i n  10% p o l y a c r y l a m i d e  g e l s  I n  e a c h  c a s e  
t h e  b l o t  w a s  t r e a t e d  w i t h  a r a n g e  o f  e n z y m e s ,  i n c l u d i n g  
t r y p s i n  a t  l m g / m l ,  0 l m g / m l  a n d  0 O l m g / m l ,  c o l l a g e n a s e ,  
b e t a - g a l a c t o s i d a s e  a n d  p e p s i n  I n  f i g  5 2 1 2  6 C 9  a n d  
6 G 1 0 A 4  r e a c t i v i t i e s  t o  t h e  L D L  a p o p r o t e i n  a f t e r  t h e s e  
t r e a t m e n t s  a r e  s h o w n  I t  c a n  b e  s e e n  h e r e  t h a t  t h e  
e p i t o p e  f o r  6 G 1 0 A 4  i s  s e n s i t i v e  t o  t r y p s i n  a t  a n  e n z y m e  
c o n c e n t r a t i o n  o f  0 l m g / m l ,  w h e r e a s  6 C 9  b i n d s  a n  e p i t o p e  
w h i c h  r e s i s t s  t r y p s i n o l y s i s  a t  t h i s  c o n c e n t r a t i o n  5 B 1 0  
a l s o  b o u n d  a t r y p s m - s e n s i t  i v e  e p i t o p e  ( n o t  s h o w n )  T h i s  
c o n f l i c t s  w i t h  t h e  f i n d i n g s  s h o w n  i n  f i g  5 2 1 ,  i n  w h i c h  
6 G 1 0 A 4  b o u n d  a n  e p i t o p e  w h i c h  w a s  r e s i s t a n t  t o  t r y p s i n  
t r e a t m e n t  On r e p e t i t i o n  o f  t h e  e x p e r i m e n t  d e s c r i b e d  i n  
f i g  5 2 1 5 B 1 0  w as  c o n s i s t e n t  i n  i t s  r e a c t i o n  w i t h  a 
t r y p s i n - s e n s i t i v e  e p i t o p e  w h i l e  6 G 1 0 A 4  w a s  s t i l l  b i n d i n g  a  
t r y p s i n - r e s i s t a n t  d e t e r m i n a n t  i t  w a s  t h e r e f o r e  c o n c l u d e d  
t h a t  o n l y  5 B 1 0  b o u n d  a n  e p i t o p e  w h i c h  w a s  c o n s i s t e n t l y  
s e n s i t i v e  t o  t r y p s i n  t r e a t m e n t
5 2 2 P e p s i n  t r e a t m e n t
T h e  e f f e c t  o f  p e p s i n  t r e a t m e n t  o n  t h e  i m m u n o r e a c t l v i t l e s  
o f  t h e  d e t e r m i n a n t s  f o r  t h e  s i x  m o n o c l o n a l  a n d  t w o  
p o l y c l o n a l  a n t i b o d i e s  a r e  i l l u s t r a t e d  m  f i g  5 2 2 T h e  
d e t e r m i n a n t  f o r  6 G 1 0 A 4  w a s  c o m p l e t e l y  a b o l i s h e d  b y  t h i s  
t r e a t m e n t ,  w h i l e  t h o s e  f o r  6C9  a n d  4 G 1 B 4  w e r e  p a r t i a l l y  
a f f e c t e d  T h e  o t h e r  t h r e e  m o n o c l o n a l  a n t i b o d i e s  b i n d  w i t h  
s l i g h t l y  l o w e r e d  r e a c t i v i t y .
- 1 5 5 -
5 2 3 P r o t e i n a s e  K t r e a t m e n t
F i g  5 2 3 s h o w s  t h e  e f f e c t  o f  P r o t e i n a s e  K t r e a t m e n t  on  
t h e  s u b s e q u e n t  i m m u n o r e a c t 1v i t l e s  o f  t h e  m o n o c l o n a l  
a n t i b o d i e s  A l l  o f  t h e  a n t i g e n i c  d e t e r m i n a n t s  f o r  t h e  
r a n g e  o f  a n t i b o d i e s  t e s t e d ,  w e r e  a b o l i s h e d  a t  a n  e n z y m e  
c o n c e n t r a t i o n  o f  l m g / m l  P o l y c l o n a l  a n t l - b e t a - l i p o p r o t e i n  
w a s  a l s o  t e s t e d ,  b u t  i t  w a s  n o t  i n h i b i t e d  f r o m  b i n d i n g  a t  
a n y  o f  t h e  e n z y m e  c o n c e n t r a t i o n s  t e s t e d
5 2 4 L i p a s e  a n d  n e u r a m i n i d a s e  t r e a t m e n t
N e i t h e r  n e u r a m i n i d a s e  n o r  l i p a s e  t r e a t m e n t  o f  t h e  
a p o l i p o p r o t e m  a n t i g e n  a f f e c t e d  t h e  i m m u n o r e a c t l v i t l e s  o f  
a n y  o f  t h e  a n t i b o d i e s  ( f i g  5 2 4 a n d  f i g  5 2 5 )  t o  a n y  
g r e a t  e x t e n t ,  a l t h o u g h  s l i g h t l y  r e d u c e d  b i n d i n g  b y  
a n t i b o d i e s  2 B 6 A 1 2  a n d  3 F 1 2 D 1 2  w a s  e v i d e n t  a f t e r  b o t h  
e n z y m e  a d d i t i o n s
These findings, along with the results from the 
experiments with the proteolytic enzymes, provide 
evidence, but not conclusive proof, that the chemical 
structure of the epitopes for the monoclonal antibodies 
came from the polypeptide part of the antigen
5 3 Immunodetection on blots treated with chemical agents
5 3 1 R e d u c t i v e  m e t h y l a t i o n
Blots were reacted with sodium borohydnde and 
formaldehyde m  order to reductively methylate the E-amino 
groups of lysine residues on the apoproteins The
- 1 5 6 “
subsequent lmmunoreactivities of monoclonal and polyclonal 
antibodies are shown in fig 5 3 . 1 .  The effect of this 
treatment has been to abolish the determinants for 
antibodies 5 B 1 0 ,  6 C 9  and 6 G 1 0 A 4 ,  while leaving those for 
the other antibodies still intact
5 3 2 A l k y l a t i o n
A l k y l a t i o n  o f  t h e  i m m o b i l i s e d  a p o p r o t e i n  B w i t h  
l o d o a c e t a m i d e  w a s  p e r f o r m e d  p r i o r  t o  i n c u b a t i o n  w i t h  s i x  
m o n o c l o n a l  a n t i b o d i e s ,  b u t  h a d  n o  e f f e c t  o n  a n y  o f  t h e i r  
d e t e r m i n a n t s  ( F i g .  5 3 2 )
5 . 3  3 Periodate oxidation.
Periodate oxidation was performed with blots of total 
apolipoproteins before reaction with monoclonal and 
polyclonal antibodies The 6 C 9  supernatant contained no 
reactive antibody m  this instance, since no detection was 
seen m  the control blot The determinants for the rest 
of the antibodies were unaffected by the treatment, again 
suggesting that the determinants were not carbohydrate 
(Fig. 5 3 3 )
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F i g . 5 . 1 . 1
A n o n - d e n a t u r i n g  15% p o l y a c r y l a m i d e  g e l  o f  a p o l i p o p r o t e i n  
e x t r a c t  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e .  A p o r t i o n  o f  t h e  
b l o t  w a s  i n c u b a t e d  i n  h e x a n e  /  i s o p r o p a n o l  : ( 3 : 2 ;  v / v )  
f o r  1 h o u r  a t  R T .  P a n e l  A ;  c o n t r o l  s t r i p s .  P a n e l  B ;  
t r e a t e d  s t r i p s .  B l o t s  w e r e  i n c u b a t e d  i n  : a )  2 B 6 A 1 2 ,  b )  
3 F 1 2 D 1 2 ,  c )  4 G 1 B 4 ,  d )  5 B 1 0 ,  e )  6 C 9 ,  f )  6 G 1 0 A 4 ,  g )  
1 : 4 0 0  a n t i - a l p h a - l i p o p r o t e i n , h )  1 . 2 0 0  
a n t  i - b e i - a - l i n o n v o t - ^ i  ^ p p n r i c  u o r a  w i t h  1 : 1 0 0
p e r o x i d a s e  l a b e l l e d  r a b b i t - a n t i - m o u s e  i m m u n o g l o b u l i n s  
( a - f )  a n d  1 : 5 0 0  p e r o x i d a s e - l a b e l l e d  s w i n e - a n t i - g o a t  I g G  
( g , h ) .
- 1 5 8 -

A n o n - d e n a t u r m g  /  5% p o l y a c r y l a m i d e  g e l  o f  d e l i p i d a t e d  
l o w  d e n s i t y - l i p o p r o t e m  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e  
T h e  b l o t  w a s  c u t  i n t o  5min s t r i p s  a n d  t r e a t e d  w i t h  t r y p s i n  
a t  d i f f e r e n t  c o n c e n t r a t i o n s ,  a )  c o n t r o l  s t r i p ,  b )  
l m g / m l , c ) 0 l m g / m l , d ) 0 . O l m g / m l , e )  0 0 0 l m g / m l , f )
0 5 m g / m l  p l u s  0 . 5 m g / m l  S o y b e a n  T r y p s i n  i n h i b i t o r  B l o t s  
w e r e  t h e n  i n c u b a t e d  i n :  A .  1 2 0 0  a n t l - a l p h a - l i p o p r o t e i n ,
B .  1 2 0 0  a n t i - b e t a - l i p o p r o t e i n ,  C 2 B 6 A 1 2 ,  D 3 F 1 2 D 1 2 ,
E 4 G 1 B 4 ,  F 5 B 1 0 ,  G .  6 C 9 ,  H 6 G 1 0 A 4  B a n d s  w e r e  
d e t e c t e d  w i t h  1 * 5 0 0  p e r o x i d a s e - l a b e l l e d  s w i n e - a n t i - g o a t  
l g G  ( A ,  B )  a n d  1 1 0 0  p e r o x i d a s e - l a b e l l e d  r a b b i t - a n t i - m o u s e  
i m m u n o g l o b u l i n s  ( C - H )
Fi g  5 2 . 1 . 1
-  1 R Q _

A n o n - d e n a t u r i n g  10% p o l y a c r y l a m i d e  g e l  o f  a p o l i p o p r o t e i n s  
w a s  b l o t t e d  t o  n i t r o c e l l u l o s e .  B l o t s  w e r e  c u t  i n t o  s t r i p s  
a n d  r e a c t e d  w i t h  a )  w a s h i n g  b u f f e r  0 . 1 5 M  N a C l / 0 . 0 5 M  
T r i s / H C l ,  pH 7 . 4 ,  b )  l m g / m l  t r y p s i n  ( i n  w a s h i n g  b u f f e r ) ,
c )  0 .  l m g / m l  t r y p s i n  d )  O . O l m g / m l  t r y p s i n  e )  1 0 1 1 / m l  
c o l l a g e n a s e  f )  l m g / m l  ^ B - g a l a c r o s i d a s e  g )  l m g / m l  p e p s i n  
i n  5 0 m n  g l y c i n e  HC1 pH  2 . 3  h )  l m g / m l  t r y p s i n  + l O m g / m l  
s o y b e a n  t r y p s i n  i n h i b i t o r .  B l o t s  w e r e  t h e n  r e a c t e d  w i t h  
h y b r i d o m a  s u p e r n a t a n t ,  a n d  d e t e c t e d  w i t h  1 : 2 0  
p e r o x i d a s e - l a b e l l e d  r a b b i t - a n t i  m o u s e  i m m u n o g l o b u l i n ,  
f o l l o w e d  b y  1 : 1 0 0  m o u s e  a n t i - p e r o x i d a s e  /  p e r o x i d a s e  
c o m p l e x .  A .  a n t i b o d y  6 C 9 ,  B .  A n t i b o d y  6 G 1 0 A 4 .
F i g .  5 . 2 . 1 . 2 .
n r r\

A n o n - d e n a t u r i n g  /  5% p o l y a c r y l a m i d e  g e l  o f  d e l i p i d a t e d  
l o w  d e n s i t y  l i p o p r o t e i n  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e  
T h e  b l o t  w a s  c u t  i n t o  s t r i p s ,  w h i c h  w e r e  i n c u b a t e d  m  
l m g / m l  P e p s i n  i n  G l y c i n e  /  H C l ,  pH 2 3 f o r  3 0  m i n u t e s  a t  
3 7 ° C . P a n e l  A p e p s i n  t r e a t e d  s t r i p s ,  p a n e l  b , c o n t r o l  
s t r i p s  S t r i p s  w e r e  t h e n  i n c u b a t e d  m  a )  2 B 6 A 1 2 ,  b )  
3 F 1 2 D 1 2 ,  c )  4 G 1 B 4 ,  d )  5 B 1 0 ,  e )  6 C 9 , f )  6 G 1 0 A 4 ,  g )
1 200 antl-alpha-lipoprotem, h) 1:200 
anti-beta-lipoprotem. Bands were detected with 1 100 
peroxidase-labelled rabbit-anti-mouse immunoglobulins 
(a-f) and 1.500 peroxidase-labelled swine-antl-goat IgG 
( g r h )  •
F i g .  5 2 . 2
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A n o n - d e n a t u r i n g / 5 %  p o l y a c r y l a m i d e  g e l  o f  d e l i p i d a t e d  
l o w - d e n s i t y - l i p o p r o t e i n  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e  
T h e  b l o t  w a s  c u t  i n t o  s t r i p s  a n d  i n c u b a t e d  w i t h  p r o t e i n a s e  
K a t  d i f f e r e n t  c o n c e n t r a t i o n s *  a )  l m g / m l ,  b )  0 l m g / m l ,
c )  0 O l m g / m l ,  d )  c o n t r o l  s t r i p  T h e  b l o t s  w e r e  i n c u b a t e d  
w i t h  A .  2 B 6 A 1 2 ,  B 3 F 1 2 D 1 2 ,  C .  4 G 1 B 4 ,  D .  5 B 1 0 ,  E 6 C 9 , 
F 6 G 1 0 A 4 ,  G .  1 2 0 0  a n t i -  - l i p o p r o t e i n *
/ B a n d s  w e r e  d e t e c t e d  w i t h  1 1 0 0  
p e r o x i d a s e - l a b e l l e d  r a b b i t - a n t i - m o u s e  i m m u n o g l o b u l i n s  
( A - F ) ,  a n d  1 : 5 0 0  p e r o x i d a s e - l a b e l l e d  s w i n e - a n t i - g o a t  l g G  
( G , H ) .
F i g  5 . 2 . 3
1 c 0 _

5 2 4
A n o n - d e n a t u n n g  /  5% p o l y a c r y l a m i d e  g e l  o f  d e l i p i d a t e d  
l o w - d e n s i t y - l i p o p r o t e m  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e  
T h e  b l o t  w a s  c u t  i n t o  s t r i p s  a n d  i n c u b a t e d  i n  
n e u r a m i n i d a s e  a s  d e s c r i b e d  m  m e t h o d s  A C o n t r o l  
s t r i p s ,  B t r e a t e d  s t r i p s  T h e  b l o t s  w e r e  i n c u b a t e d  i n
a )  2 B 6 A 1 2 ,  b )  3 F 1 2 D 1 2 ,  c )  4 G 1 B 4 ,  d )  5 B 1 0 ,  e )  6 C 9 , f )  
6 G 1 0 A 4 ,  g )  1 2 0 0  a n t i - a l p h a - l i p o p r o t e i n ,  h )  1 2 0 0  
a n t i - b e t a - l i p o p r o t e i n  B a n d s  w e r e  d e t e c t e d  w i t h  1 - 1 0 0  
p e r o x i d a s e - l a b e l l e d  r a b b i t - a n t l - m o u s e  i m m u n o g l o b u l i n s  
( A - F ) ,  a n d  1 5 0 0  p e r o x i d a s e - l a b e l l e d  s w i n e - a n t i - g o a t  I g G  
( G ,  H ) .

A n o n - d e n a t u r i n g  /  5% p o l y a c r y l a m i d e  g e l  o f  d e l i p i d a t e d  
l o w - d e n s i t y - l i p o p r o t e i n  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e .
T h e  b l o t  w a s  c u t  i n t o  s t r i p s  a n d  t r e a t e d  w i t h  l i p a s e ,  a s  
d e s c r i b e d  i n  m e t h o d s .  A .  l i p a s e  t r e a t e d  s t r i p s ,  B .  
c o n t r o l  s t r i p s .  T h e  b l o t s  w e r e  i n c u b a t e d  i n  a )  2 B 6 A 1 2 ,
b )  3 F 1 2 D 1 2 ,  c )  4 G 1 B 4 ,  d )  5 B 1 0 ,  e )  6 C 9 ,  f )  6 G 1 0 A 4 ,  g )  
1 : 2 0 0  a n t i - a l p h a - l i p o p r o t e i n ,  h )  1 : 2 0 0  
a n t i - b e t a - l i p o p r o t e i n  B a n d s  w e r e  d e t e c t e d  w i t h  1 : 1 0 0  
p e r o x i d a s e - l a b e l l e d  r a b b i t - a n t i - m o u s e  i m m u n o g l o b u l i n s  
( A - F ) t a n d  1 : 5 0 0  p e r o x i d a s e - l a b e l l e d  s w i n e - a n t i - g o a t  i g G  
( G r H ) .
5 . 2 . 5 .

A n o n - d e n a t u r i n g  /  5% p o l y a c r y l a m i d e  g e l  o f  d e l i p i d a t e d  
l o w - d e n s i t y - l i p o p r o t e i n  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e .
T h e  b l o t s  w e r e  c u t  i n t o  s t r i p s  a n d  r e d u c t i v e l y  m e t h y l a t e d  
w i t h  s o d i u m  b o r o h y d r i d e  /  f o r m a l d e h y d e ,  a s  d e s c r i b e d  m  
m e t h o d s .  A t r e a t e d  s t r i p s ,  B .  u n t r e a t e d  s t r i p s  T h e  
s t r i p s  w e r e  i n c u b a t e d  i n  a )  2 B 6 A 1 2 ,  b )  3 F 1 2 D 1 2 ,  c )  
4 G 1 B 4 ,  d )  5 B 1 0 ,  e )  6 C 9 ,  f )  6 G 1 0 A 4 ,  g )  1 2 0 0  
a n t i - a l p h a - l i p o p r o t e i n ,  h ) 1 2 0 0  a n t l - b e t a - l i p o p r o t e i n  
B a n d s  w e r e  d e t e c t e d  w i t h  1 : 1 0 0  p e r o x i d a s e - l a b e l l e d  
r a b b i t - a n t i - m o u s e  i m m u n o g l o b u l i n s  ( a - f ) ,  a n d  1 * 5 0 0  
p e r o x i d a s e - l a b e l l e d  s w i n e - a n t l - g o a t  I g G  ( g ,  h ) .
Fi g  5 3 . 1

A n o n - d e n a t u r i n g  /  5% p o l y a c r y l a m i d e  g e l  o f  d e l i p i d a t e d  
l o w - d e n s  1 t y - l i p o p r o t  e m  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e  
T h e  b l o t s  w e r e  c u t  i n t o  s t r i p s  a n d  t r e a t e d  w i t h  
l o d o a c e t a m i d e  a s  d e s c r i b e d  i n  m e t h o d s  A c o n t r o l  s t r i p s ,  
B t r e a t e d  s t r i p s  T h e  s t r i p s  w e r e  i n c u b a t e d  m  a )
2 B 6 A 1 2 ,  b )  3 F 1 2 D 1 2 ,  c )  4 G 1 B 4 ,  d )  5 B 1 0 ,  e )  6 C 9 ,  f )  
6 G 1 0 A 4  a n d  d e t e c t e d  w i t n  1 i l ) l )  p e r o x i d a s e - l a o e i i e a  
r a b b i t - a n t i - m o u s e  i m m u n o g l o b u l i n s
Fi g  5 3 2
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A n o n - d e n a t u r i n g  /  5% p o l y a c r y l a m i d e  g e l  o f  d e l i p i d a t e d  
l o w - d e n s i t y - 1 l p o p r o t e i n  w a s  b l o t t e d  t o  n i t r o c e l l u l o s e  
T h e  b l o t s  w e r e  c u t  i n t o  s t r i p s  a n d  o x i d i s e d  w i t h  
p e r i o d a t e  A T r e a t e d  s t r i p s ,  B C o n t r o l  s t r i p s  T h e
s t r i p s  w e r e  i n c u b a t e d  i n  a )  2 B 6 A 1 2 ,  b )  3 F 1 2 D 1 2 ,  c )  
4 G 1 B 4 ,  d )  5 B 1 0 ,  e )  6 C 9 ,  f )  6 G 1 0 A 4 ,  g )  1 2 0 0  
a n t l - a l p h a - l i p o p r o t e i n , h )  1 2 0 0  a n t i - b e t a - l i p o p r o t e m  
B a n d s  w e r e  d e t e c t e d  w i t h  1 * 1 0 0  p e r o x i d a s e - l a b e l l e d
i
r a b b i t - a n t i - m o u s e  i m m u n o g l o b u l i n s  ( a - f ) ,  a n d  1 5 0 0  
p e r o x i d a s e - l a b e l l e d  s w i n e - a n t l - g o a t  I g G  ( g ,  h ) .
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T a b l e  5 4 1 s u m m a r i s e s  t h e  e f f e c t s  o f  t h e  v a r i o u s  c h e m i c a l  
a n d  e n z y m i c  t r e a t m e n t s  o f  t h e  n i t r o c e l l u l o s e - b o u n d  
a p o l i p o p r o t e i n  B on  t h e  s u b s e q u e n t  l m m u n o r e a c t i v i t i e s  o f  
t h e  a n t i b o d i e s  T h e  s u g g e s t i o n  t h a t  a l l  o f  t h e  a n t i g e n i c  
d e t e r m i n a n t s  a r e  l o c a t e d  o n  a p o l y p e p t i d e  r e g i o n  o f  t h e  
a n t i g e n  c o m e s  f r o m  t h e  e f f e c t  o f  p r o t e i n a s e  K o n  t h e  
i m m u n o r e a c t i v i t i e s  a n d  t h e  a b s e n c e  o f  a n y  n o t a b l e  e f f e c t  
a f t e r  l i p a s e  a n d  n e u r a m i n i d a s e  t r e a t m e n t  H o w e v e r ,  i t  i s  
p o s s i b l e  t h a t  t h e  p r o t e i n a s e  K t r e a t m e n t  c l e a v e d  t h e  
a n t i g e n  s o  e x t e n s i v e l y  t h a t  p e p t i d e  f r a g m e n t s  w e r e  
r e l e a s e d  o f f  t h e  b l o t  T h e s e  f r a g m e n t s  c o u l d  h a v e  
i n c l u d e d  t h e  e p i t o p e  w h i c h  w a s  i t s e l f  c o m p o s e d  o f  l i p i d  o r  
c a r b o h y d r a t e  m a t e r i a l  A l s o ,  l i p a s e  a n d  n e u r a m i n i d a s e  a r e  
b o t h  s p e c i f i c  e n z y m e s  w h o s e  s u b s t r a t e s  a r e ,  r e s p e c t i v e l y ,  
t n a c e t i n  a n d  s i a l i c  a c i d ,  s o  t h e  a b s e n c e  o f  a n  e f f e c t  
d o e s  n o t  e x c l u d e  t h e  p o s s i b i l i t y  o f  e p i t o p e s  w h i c h  i n c l u d e  
o t h e r  l i p i d  o r  c a r b o h y d r a t e  m o i e t i e s
P e r i o d a t e  o x i d a t i o n  t r e a t m e n t  o f  b l o t s ,  w h i c h  w a s  r e p o r t e d  
b y  W o o d w a r d  e t  a l ., ( 1 9 8 5 ) ,  w a s  a m o r e  g e n e r a l ,  a n d  s i m p l e ,  
m e t h o d  o f  d e t e c t i n g  a n t i b o d i e s  s p e c i f i c  f o r  c a r b o h y d r a t e  
e p i t o p e s  T h e  m e t h o d ,  w h i c h  i n v o l v e ’s p e r i o d a t e  o x i d a t i o n  
o f  n e i g h b o u r i n g  h y d r o x y l  g r o u p s  o n  s u g a r s  t o  d i a l d e h y d e s  
a t  a c i d  p H ,  i s  e a s i l y  a p p l i c a b l e  t o  a n t i g e n s  i m m o b i l i s e d  
o n  b l o t s  H o w e v e r ,  n o  i n h i b i t i o n  o f  b i n d i n g  f o r  a n y  o f  
o u r  a n t i b o d i e s  w a s  o b s e r v e d  w i t h  t h i s  t e c h n i q u e  p r o v i d i n g  
f u r t h e r  e v i d e n c e  f o r  t h e  a b s e n c e  o f  c a r b o h y d r a t e  e p i t o p e s  
P a t t o n  e t  a l , , ( 1 9 8 2 ) ,  r e p o r t e d  a 50% l o s s  o f  
i m m u n o r e a c t i v i t y  w i t h  h i s  p a n e l  o f  m o n o c l o n a l  a n t i b o d i e s ,  
a f t e r  d e l i p i d a t i o n  o f  L D L  i m m o b i l i s e d  on  m i c r o - t i t r e
5 4 D i s c u s s i o n
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p l a t e s ,  b y  h e x a n e  /  i s o p r o p a n o l  ( 3  2 ,  v / v )  95% o f
l i p i d  w a s  r e m o v e d  b y  t h i s  p r o c e d u r e  a n d  o n l y  10% o f  
p r o t e i n
I  a d a p t e d  t h i s  p r o c e d u r e  t o  n i t r o c e l l u l o s e  b l o t s ,  u s i n g  
L D L  w h i c h  h a d  b e e n  p a r t i a l l y  d e l i p i d a t e d  b y  e t h e r  
t r e a t m e n t  a n d  f o u n d  t h a t  b i n d i n g  o f  5 B 1 0 ,  6C9 a n d  6 G 1 0 A 4  
w a s  i n h i b i t e d  No l o s s  o f  i m m u n o r e a c t i v i t y  w a s  o b s e r v e d  
w i t h  t h e  p o l y c l o n a l  a n t i b o d i e s ,  w h i c h  s u g g e s t e d  t h a t  t h e  
i n t e g r i t y  o f  t h e  n i t r o c e l l u l o s e  m e m b r a n e ,  a n d  t h e  p r o t e i n  
s t r u c t u r e ,  w a s  n o t  d e s t r o y e d  b y  t h e  s o l v e n t  
I f  t h e  e p i t o p e s  f o r  t h e  a n t i b o d i e s  a r e  p o l y p e p t i d e  i n  
n a t u r e ,  i t s  s t i l l  p o s s i b l e  t h a t  l i p i d s  p l a y  a v i t a l  r o l e  
i n  s t a b i l i s i n g  t h e  a n t i g e n i c  d e t e r m i n a n t  a n d  m a i n t a i n i n g  
i t s  c o r r e c t  c o n f o r m a t i o n  f o r  a n t i b o d y  r e c o g n i t i o n  T h i s  
m ay  b e  t h e  c a s e  f o r  t h e  e p i t o p e s  f o r  a n t i b o d i e s  5 B 1 0 ,  6C9 
a n d  6 G 1 0 A 4  H o w e v e r ,  i n  t h e  c a s e  o f  5 B 1 0  a n d  6C9, s u c h  
o b s e r v a t i o n s  a r e  i r r e c o n c i l a b l e  w i t h  t h e i r  a b i l i t i e s ,  
p r e v i o u s l y  s h o w n ,  t o  b i n d  t o  b l o t s  o f  SDS g e l s ,  w h e r e  o n e  
w o u l d  e x p e c t  c o m p l e t e  d e l i p i d a t i o n  t o  h a v e  t a k e n  p l a c e  
F u r t h e r  i n v e s t i g a t i o n  i n t o  t h e  p r e c i s e  r o l e  p l a y e d  b y  
l i p i d  m o i e t i e s  m  t h e  d e t e r m i n a n t s  f o r  t h e s e  t w o  
a n t i b o d i e s  i s  c l e a r l y  r e q u i r e d  T h e  e x p e r i m e n t s  w i t h  
t r y p s i n  a n d  p e p s i n  y i e l d e d  m o r e  i n f o r m a t i o n  on  t h e  
m o l e c u l a r  n a t u r e  o f  t h e  a n t i g e n i c  d e t e r m i n a n t  T h e  
e p i t o p e  f o r  5 B 1 0  w a s  t h e  o n l y  o n e  f o u n d  t o  b e  r e p e a t e d l y  
s e n s i t i v e  t o  t r y p s m o l y s i s , i m p l y i n g  t h a t  l y s i n e  o r  
a r g i n i n e  r e s i d u e s  m ay  b e  i n v o l v e d ,  w h i l e  t h e  i n h i b i t i o n  
o f  b i n d i n g  o f  6 G 1 0 A 4  a n d  t o  a l e s s e r  e x t e n t  4 G 1 B 4  a n d  6c9 
a f t e r  p e p s i n  t r e a t m e n t  s u g g e s t s  t h a t  t h e i r  a n t i g e n i c  
d e t e r m i n a n t s  i n v o l v e  h y d r o p h o b i c  a m i n o  a c i d  r e s i d u e s  
M o d i f i c a t i o n  o f  l y s i n e  r e s i d u e s  b y  s o d i u m  b o r o h y d n d e  a n d
 ___________________________
formaldehyde treatment, which jnethylates free amino groups 
of these residues, lowered the immunoreactivities for 
5 B 1 0 ,  6 C 9  and 6 G 1 0 A 4  The mode of inhibition was possibly 
stenc hindrance caused by the introduction of a methyl 
group
These experiments, taken together, indicate the presence 
of several distinct epitopes on the apolipoprotem B 
molecule There is evidence, but no definite proof, that 
the epitopes are to be found on the polypeptide region of 
the molecule The experiments which used trypsin, pepsin, 
lipase, neuraminidase and reductive methylation all gave 
consistent results on repetition The other experiments 
were performed once only
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C h a p t e r  6
M o n oc l on a l  An t i b o d y  P u r i f i c a t i o n
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6 1 . 1  A g a r o s e - P r o t e i n  A c hr o ma t o g r a ph y
M o n o c l o n a l  a n t i b o d y  f r o m  6 G 1 0 A 4  s u p e r n a t a n t  w as  e x t r a c t e d  
b y  a m m o n i u m  s u l p h a t e  p r e c i p i t a t i o n  a n d  t h e n  s u b j e c t e d  t o  
a g a r o s e - p r o t e m  A c o l u m n  c h r o m a t o g r a p h y  T h e  o p t i c a l  
d e n s i t y  r e a d i n g s  o f  t h e  e l u t e d  f r a c t i o n s  a r e  p l o t t e d  m  
f i g  6 1 1  a n d  i t  c a n  b e  s e e n  t h a t  l a r g e  a m o u n t s  o f  
p r o t e i n  m a t e r i a l  r a n  s t r a i g h t  t h r o u g h  t h e  c o l u m n ,  a n d  v e r y  
l i t t l e  p r o t e i n  w a s  e l u t e d  w i t h  t h e  g l y c m e / H C l  w a s h  
A n t i b o d y  a c t i v i t y  w a s  c o n t a i n e d  i n  t h e  u n b o u n d  f r a c t i o n ,  
a s  e v i d e n c e d  b y  r e a c t i n g  b o t h  b o u n d  a n d  u n b o u n d  f r a c t i o n s  
w i t h  b l o t s ,  h e n c e  t h e  p r o t e i n  A d i d  n o t  b i n d  t h e  
m o n o c l o n a l  a n t i b o d y
\
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t7 m l  o f  a m m o n i u m  s u l p h a t e  e x t r a c t  o f  h y b n d o m a  s u p e r n t a n t  
o f  a n t i b o d y  6 G 1 0 A 4  w a s  a d d e d  t o  7 m l  o f  c o l u m n  b u f f e r  
b e f o r e  b e i n g  a d d e d  t o  t h e  c o l u m n  B ed  v o l u m e  w a s  0 7 m l  
F r a c t i o n s  o f  a p p r o x i m a t e l y  2m1 w e r e  c o l l e c t e d  T h e  b o u n d  
m a t e r i a l  w a s  e l u t e d  f r o m  t h e  c o l u m n  w i t h  e l u t i o n  b u f f e r  a t  
f r a c t i o n  15  F r a c t i o n s  4 ,  1 5 ,  1 6  a n d  1 7  w e r e  t e s t e d  f o r  
a n t i b o d y  o n  b l o t s  o f  a p o l i p o p r o t e m  T h e  r e s u l t s ,  
e x p r e s s e d  a s  + o r  -  , f o r  p o s i t i v e  o r  n e g a t i v e  a n t i b o d y  
e x p r e s s i o n ,  a r e  s h o w n  o n  t h e  f i g u r e
Fi g  6 1 1
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A f f i - G e l  B l u e  c h r o m a t o g r a p h y  w a s  t h e  n e x t  m e t h o d  c h o s e n  t o  
p u r i f y  t h e  m o n o c l o n a l  a n t i b o d i e s  b e c a u s e  i t  w a s  h o p e d  t h a t  
a l l  t h e  a n t i b o d i e s  m  t h e  p a n e l  w o u l d  b e  p u r i f i e d  
s u c c e s s f u l l y  w i t h  t h i s  m e t h o d ,  r a t h e r  t h a n  j u s t  som e  o f  
t h e m ,  w h i c h  w o u l d  b e  t h e  c a s e  w i t h  t h e  p r o t e i n  A c o l u m n  
B o t h  t h e  p r e c i p i t a t e s  o f  t h e  a m m o n i u m  s u l p h a t e  f r a c t i o n  o f  
h y b r i d o m a  s u p e r n a t a n t  a n d  a s c i t e s  f l u i d s  w e r e  u s e d  F i v e  
a n t i b o d i e s ,  3 H 9 ,  5 B 1 0 ,  4 G 1 B 4 ,  6C 9  a n d  6 G 1 0 A 4 ,  w e r e  
p u r i f i e d  F i g  6 2 1 ,  ( A  a n d  B)  s h o w s  t h e  e l u t i o n  p r o f i l e  
a f t e r  3 H 9  a n d  5 B 1 0  s u p e r n a t a n t s  w e r e  p u t  t h r o u g h  t h e  
c o l u m n  N a C l  / c o n c e n t r a t i o n s  o f  lO m M ,  2 5m M , 50mM a n d  
lOOmM w e r e  u s e d  a n d  a t  t h e  l a t t e r  t h r e e  c o n c e n t r a t i o n s ,  
p r o t e i n  w a s  e l u t e d  o f f  t h e  c o l u m n  A n t i b o d y  r e a c t i v i t y  i n  
e a c h  o f  my e l u t e d  f r a c t i o n s ,  w h i c h  w a s  m e a s u r e d  b y  
i m m u n o b l o t t i n g  w i t h  5% D a v i s  g e l s  o f  a p o l l p o p r o t e i n  w a s  
v e r y  s p r e a d  o u t  o v e r  a l l  t h e  f r a c t i o n s  t e s t e d ,  w h e n  5 B 1 0  
a n d  3 H 9  w e r e  r u n  ( F i g .  6 2 1 )  W h e n  6 C 9  a n d  4 G 1 B 4  
s u p e r n a t a n t s  w e r e  r u n ,  r e a c t i v i t y  c o u l d  b e  d e t e c t e d  i n  a l l  
t h e  s a l t  w a s h e s  a n d  a l s o  i n  t h e  m a t e r i a l  t h a t  d i d  n o t  b i n d  
t o  t h e  c o l u m n  6 G 1 0 A 4  a n t i b o d y  d i d  n o t  b i n d  t o  t h e  
c o l u m n  i t s  r e a c t i v i t y  c o u l d  o n l y  b e  p i c k e d  u p  i n  t h e  
u n b o u n d  f r a c t i o n
T h e  s a m e  t e c h n i q u e  f o r  a n t i b o d y  p u r i f i c a t i o n  w a s  a l s o  
t r i e d  w i t h  a s c i t e s  f l u i d ,  b e c a u s e  i t  w a s  f e l t  t h a t  i t  
w o u l d  p r o v i d e  b e t t e r  s t a r t i n g  m a t e r i a l  t h a n  h y b r i d o m a  
s u p e r n a t a n t ,  b e i n g  m o r e  c o n c e n t r a t e d  a n d  l e s s  
h e t e r o g e n e o u s
E l u t i o n  s t e p s  o f  2 5m M , 5 0m M , 60mM a n d  lOOmM N a C l  w e r e  u s e d
6 2 2 A f f i - g e l  B l u e Column Chromatography
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a n d  e a c h  s a l t  w a s h  e l u t e d  p r o t e i n  B o t h  5 B 1 0  a n d  3H9  
i m m u n o r e a c t 1v i t l e s  w e r e  v e r y  s t r o n g  m  t h e  50mM N a C l  w a s h  
( f i g .  6 2 2 )  s o  t h a t ,  f o r  t h e s e  t w o  a n t i b o d i e s  i n  a n y  
c a s e ,  t h e  a n t i b o d y  w a s  p u r i f i e d  w i t h  c o m p a n t i v e  s u c c e s s  
f r o m  a s c i t e s  f l u i d
T h e  o t h e r  t h r e e  a n t i b o d i e s ,  h o w e v e r ,  s e p a r a t e d  l e s s  w e l l  
6 C 9  r e a c t i v i t y  w a s  m o s t l y  c o n t a i n e d  i n  t h e  u n b o u n d  
m a t e r i a l  a n d  m  t h e  f r a c t i o n s  e l u t e d  b y  t h e  60mM a n d  lOOmM 
N a C l  w a s h e s  V e r y  l i t t l e  p r o t e i n  w a s  e l u t e d  b y  t h e  25mM 
a n d  50mM w a s h e s  i n  t h i s  i n s t a n c e
4 G 1 B 4  r e a c t i v i t y  c o u l d  n o t  b e  d e t e c t e d  i n  a n y  f r a c t i o n  
I t  w a s  c o n c l u d e d  t h a t  t h e r e  w a s  n o  a n t i b o d y  p r e s e n t  i n  t h e  
a s c i t e s  f l u i d  b e c a u s e  t h e  c e l l  l i n e  h a d  b e c o m e  n e g a t i v e
t
j u s t  b e f o r e  o r  d u r i n g  t u m o u r  p r o p a g a t i o n  
T h e  e l u t i o n  p r o f i l e  f o r  6 G 1 0 A 4  p u r i f i c a t i o n  s h o w e d  a l o t  
o f  p r o t e i n  m a t e r i a l  e l u t i n g  w i t h  25mM N a C l  H o w e v e r  
a n t i b o d y  r e a c t i v i t y  w a s  d e t e c t e d  i n  t h e  lOOmM N a C l  
f r a c t i o n
T h e  f i v e  a n t i b o d i e s  t h e r e f o r e  b e h a v e d  v e r y  d i f f e r e n t l y  i n  
t h e  p u r i f i c a t i o n  p r o c e d u r e  5 B 1 0  a n d  3H9  c o u l d  b e  
p u r i f i e d  r e l a t i v e l y  s u c c e s s f u l l y ,  6 C 9  i s  u n u s u a l  i n  t h a t  
r e a c t i v i t y  c a n  b e  d e t e c t e d  m  a l l  t h e  e l u t e d  f r a c t i o n s  
t e s t e d ,  a s  w e l l  a s  i n  t h e  u n b o u n d  m a t e r i a l ,  a n d  6 G 1 0 A 4  d i d  
n o t  b i n d  w h e n  s u p e r n a t a n t  w a s  u s e d  a s  s t a r t i n g  m a t e r i a l ,  
b u t  d i d  p a r t l y  b i n d  w h e n  a s c i t e s  f l u i d  w a s  u s e d  
T h e  p u r i t y  w a s  a l s o  a s s e s s e d  b y  e x a m i n i n g  t h e  p r o t e i n  
c o n t e n t  o f  t h e  e l u t e d  f r a c t i o n s  o n  10% p o l y a c r y l a m i d e  SDS  
g e l s  V e r y  l i t t l e  p r o t e i n  c o u l d  b e  v i s u a l i s e d  i n  t h e  
C o o m a s s i e  b l u e - s t a i n e d  g e l s ,  ( f i g  6 2 3 ) ,  e v e n  t h o u g h  
s t r o n g  a n t i b o d y  r e a c t i v i t y  w a s  d e t e c t e d  m  t h e s e
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i
f r a c t i o n s  T h e  f r a c t i o n s  a f t e r  3 H 9  p u r i f i c a t i o n  a r e  s h o w n  
i n  t h e  f i g u r e
P u r i f i e d  a n t i b o d i e s  w e r e  p o o l e d  a n d  s t o r e d  a t  4 ° C  w i t h  
s o d i u m  a z i d e  a d d e d  a s  p r e s e r v a t i v e  F o r  t h o s e  a n t i b o d i e s  
i n  w h i c h  o n l y  a p o r t i o n  b o u n d  t o  t h e r e  c o l u m n ,  t h e  e l u t e d  
f r a c t i o n s  o n l y  w e r e  k e p t  b e c a u s e  t h e y  w e r e  d e e m e d  t o  b e  
r e l a t i v e l y  p u r e r
- 1 7 6 -
P u r i f i c a t i o n  o f ,  A ,  3H9  a n t i b o d y ,  B ,  5 B 1 0  a n t i b o d y ,  f r o m  
t h e  a m m o n i u m  s u l p h a t e  e x t r a c t  o f  h y b n d o m a  s u p e r n a t a n t ,  b y  
A f f i - G e l  B l u e  c o l u m n  c h r o m a t o g r a p h y  F r a c t i o n  v o l u m e s  o f  
2 5 m l  w e r e  e l u t e d  w i t h  2 5 ,  5 0  a n d  lOOmM N a C l  w a s h e s  
( r e p r e s e n t e d  b y  t h e  b r o k e n  l i n e )  A b s o r b a n c i e s  w e r e  r e a d  
a t  2 8 0 n m  m  a C E C I L  s p e c t r o p h o t o m e t e r , .  ( • - • )  (V^Fr a c t  i o n s
t h a t  w e r e  p o s i t i v e  f o r  a n t i b o d y  a c t i v i t y ,  a f t e r  
i m m u n o b l o t t i n g  w i t h  5% D a v i s  g e l s  o f  a p o l i p o p r o t e i n s  
C P u r i f i c a t i o n  o f  6 C 9  a n t i b o d y  F r a c t i o n s  w e r e  s c r e e n e d  
f o r  a n t i b o d i e s  b y  d o u b l e  d i f f u s i o n  4 p l  o f  e a c h  f r a c t i o n  
w a s  a d d e d  t o  t h e  o u t e r  w e l l s  T h e  c e n t r e  w e l l s  c o n t a i n e d  
4 ja 1 o f  r  a b b  i t - a n t  l - m o u s e  i m m u n o g l o b u l i n s  ( v )  ,
A n t  l b o d y - c o n t a m i n g  f r a c t  i o n s
D P u r i f i c a t i o n  o f  6 G 1 0 A 4  A n t i b o d y  c o u l d  o n l y  b e  
d e t e c t e d  i n  t h e  u n b o u n d  f r a c t i o n
E P u r i f i c a t i o n  o f  4 G 1 B 4  a n t i b o d y  F r a c t i n s  w e r e  t e s t e d  
f o r  a n t i b o d y  b y  i m m u n o b l o t t m g  (▼) a n d  b y  d o u b l e  d i f f u s i o n  
( v )
F i g  6 2 1
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P u r i f i c a t i o n  o f  m o n o c l o n a l  a n t i b o d y  f r o m  a s c i t e s  f l u i d  b y  
A f f l - G e l  B l u e  C o l u m n  C h r o m a t o g r a p h y  A 5 B 1 0  B ,  3H9  
C ,  6 C9  D ,  6 G 1 0 A 4  2 5 m l  f r a c t i o n s  w e r e  c o l l e c t e d  a n d
a n t i b o d y  w a s  e l u t e d  w i t h  2 5 mM,  5 0mM,  60mM a n d  lOOmM N a C l  
w a s h e s ,  ( r e p r e s e n t e d  b y  t h e  b r o k e n  l i n e )  (▼) , f r a c t i o n s  
t h a t  w e r e  p o s i t i v e  f o r  a n t i b o d y  a f t e r  i m m u n o b l o t t m g  w i t h  
5% D a v i s  g e l s  o f  d e l i p i d a t e d  LDL  A b s o r b a n c e s  w e r e  r e a d  
a t  2 8 0 n m  i n  a C E C I L  s p e c t  r o p h o t o m e t e r  , ( ■ - ■ ) .
F ig  6 2 2













2 0 0 -
Mr x10“ 3a b ode  f 9 h
A f f i - g e l  b l u e - p u r i f l e d  f r a c t i o n s  o f  m o u s e  a s c i t e s  f l u i d  
c o n t a i n i n g  3 H9  m o n o c l o n a l  a n t i b o d i e s  w e r e  e x a m i n e d  o n  10% 
SDS /  p o l y a c r y l a m i d e  g e l s
a )  m o l e c u l a r  w e i g h t  s t a n d a r d s ,
b )  u n p u n f i e d  a s c i t e s  f l u i d  ( s t a r t i n g  m a t e r i a l ) ,
c )  f r a c t i o n  1 5  ( p r o t e i n  e l u t e d  w i t h  25mM N a C l  ( n o t  
r e d u c e d ) ) ,
d )  f r a c t i o n  1 5  ( r e d u c e d ) ,
e )  f r a c t i o n  2 7  ( e l u t e d  w i t h  50mM N a C l ) ( N o t  r e d u c e d ) ,
f )  f r a c t i o n  2 7 ,  ( r e d u c e d ) ,
g )  f r a c t i o n  4 0 ,  ( e l u t e d  w i t h  60mM N a C l ) , ( n o t  r e d u c e d ) ,
h )  f r a c t i o n  4 0 ,  ( r e d u c e d )
F i g  6 2 3
- 1 7 9 -
C h a p t e r  7
R e c e p t o r  b 1n 6 i n q  s t u d i e s
- 1 8 0 -
7 1 I n h i b i t i o n  by a n t i b o d i e s  o f  b i n d i n g
F o u r  a n t i - a p o B  a n t i b o d i e s ,  4 G 1 B 4 ,  5 B 1 0 ,  6 C9  a n d  6 G 1 0 A 4 ,  
a n d  o n e  a n t i b o d y  d i r e c t e d  a g a i n s t  a HDL a p o p r o t e i n ,  3 H 9 ,  j 
w e r e  p a r t i a l l y  p u r i f i e d  b y  A f f i - G e l  B l u e  C h r o m a t o g r a p h y  
a n d  i n c o r p o r a t e d  i n t o  L D L - r e c e p t o r  b i n d i n g  s t u d i e s  t o  
d e t e r m i n e  w h e t h e r  t h e  a n t i g e n i c  d e t e r m i n a n t  f o r  t h e  
a n t i b o d i e s  i n v o l v e d  t h e  r e c e p t o r  r e c o g n i t i o n  d o m a i n  o f  
a p o B
T h e  m e t h o d  u s e d  w a s  l i g a n d  b l o t t i n g ,  m  w h i c h  b o t h  
b i o t m y l a t e d  a n d  î o d i n a t e d  LDL  w e r e  u s e d  a s  l i g a n d s  LDL  
w a s  l a b e l l e d  w i t h  b i o t m  v i a  c a r b o h y d r a t e  r e s i d u e s  a s  
d e s c r i b e d  b y  Wa d e  e t  a l . ,  ( 1 9 8 5 )  N o r m a l l y ,  
b i o t i n - l a b e l l i n g  o f  p r o t e i n s  i s  t h r o u g h  t h e  r e a c t i o n  o f  
b i o t i n  N - h y d r o x y s u c c i m m i d e  w i t h  f r e e  a m i n o  g r o u p s  o f  
l y s i n e  r e s i d u e s  ( G u e s d o n  e t  a l ,  1 9 7 9 )  H o w e v e r ,  t o  d o  
t h i s  w i t h  L D L  w o u l d  a f f e c t  t h e  i n t e r a c t i o n  o f  LDL  w i t h  t h e  
L D L - r e c e p t o r  b e c a u s e  W e i s g r a b e r  e t  a l . ,  ( 1 9 7 8 ) ,  h a v e  s h o w n  
t h a t  f r e e  l y s i n e  a m i n o  q r o u p s  a r e  r e q u i r e d  f o r  t h i s  Wa d e  
e t  a l  c o n j u g a t e d  b i o t i n  t o  s i a l i c  a c i d  r e s i d u e s  on  t h e  
a p o p r o t e i n  a n d  d e m o n s t r a t e d  t h a t  i t  d i d  n o t  a f f e c t  
l i p o p r o t e i n  r e c e p t o r  b i n d i n g
I n  a d d i t i o n  t o  t h a t ,  my e n z y m i c  m o d i f i c a t i o n  s t u d i e s  w i t h  
n i t r o c e l l u l o s e - b o u n d  a p o B ,  t o g e t h e r  w i t h  t h e  p e r i o d a t e  
o x i d a t i n  e x p e r i m e n t ,  l e d  me t o  b e l i e v e  t h a t  
b i o t m - l a b e l l i n g  o f  L D L  v i a  c a r b o h y d r a t e  r e s i d u e s  w o u l d  
n o t  a f f e c t  m o n o c l o n a l  a n t i b o d y  b i n d i n g  T h i s  w a s  
c o n f i r m e d  w h e n  t h e  a n t i b o d i e s  w e r e  r e a c t e d  w i t h  b i o t i n - L D L  
b o u n d  t o  a  m i c r o - t i t r e  p l a t e  a n d  d e t e c t e d  w i t h
- 1 8 1 -
p e r o x i d a s e - l a b e l l e d  r a b b i t  a n t i  m o u s e  i m m u n o g l o b u l i n s ,  
( d a t a  n o t  s h o w n )
F i g  7 1 1  s h o w s  a n i t r o c e l l u l o s e  s t r i p  d e t e c t e d  w i t h  
b i o t i n y l a t e d  b e t a - V L D L  S t u d i e s  d o n e  p r e v i o u s l y  b y  Wa d e  
e t  a 1^ ( 1 9 8 5 )  h a s  p r o v i d e d  s t r o n g  e v i d e n c e  t h a t  t h e  
s t a i n e d  b a n d  r e p r e s e n t e d  t h e  L D L  r e c e p t o r .  On t h i s  b l o t  
t h e  p r o t e i n  h a s  a  m o l e c u l a r  w e i g h t  o f  a p p r o x i m a t e l y
1 2 0 . 0 0 0  T h e  s t r i p  o n  t h e  r i g h t  w a s  s t o r e d  a t  - 2 0 ° C  f o r  
1 1  d a y s  i m p l y i n g  t h a t  t h e  r e c e p t o r  p r o t e i n  i s  n o t  s t a b l e  
t o  s t o r a g e  u n d e r  t h e s e  c o n d i t i o n s
B i o t m - L D L  c o m b i n e d  w i t h  a n t i - a p o B  p o l y c l o n a l  a n t i b o d y  
d i l u t i o n s  w e r e  i n c u b a t e d  o v e r  n i t r o c e l l u l o s e  b l o t s  o f  
r e c e p t o r s .  A f t e r  d e t e c t i n g  t h e  s t r i p s ,  t h e  t h r e e  c o n t r o l  
b i o t i n - L D L  p r e p a r a t i o n s ,  a s  w e l l  a s  t h a t  p r e s e n t  m  t h e  
t w o  m o r e  d i l u t e  a n t i b o d y  s o l u t i o n s ,  h a d  b o u n d  t o  t h e  
r e c e p t o r ,  w h i l e  b i n d i n g  w a s  mu c h  f a i n t e r  m  t h e  m o s t  
c o n c e n t r a t e d  a n t i b o d y  s o l u t i o n  ( f i g  7 1 . 2 )  i m p l y i n g  t h a t  
L D L - r e c e p t o r  i n t e r a c t i o n  ws b e i n g  i n h i b i t e d  T h e  f a c t  
s h e e t  t h a t  a c c o m p a n i e d  t h e  a n t i  a p o B  a n t i s e r u m  s t a t e d  t h a t  
l i p o p r o t e i n s  h a d  b e e n  r e m o v e d  s o  t h e  i n h i b i t i o n  w a s  
u n l i k e l y  t o  b e  c a u s e d  b y  c o m p e t i t i o n  f r o m  o t h e r  
l i p o p r o t e i n s
T h e  b i o t i n - L D L  d e t e c t e d  t h e  b o u n d  r e c e p t o r  v e r y  f a i n t l y  
a n d  w a s  m u c h  w e a k e r  t h a n  t h e  b i o t m - b e t a - V L D L  ( c f  F i g s
7 . 1 . 1  a n d  7 1 2 )  7 . 1  3 s h o w s  a b l o t  w h i c h  w a s  t r e a t e d
1 2 5
w i t h  I - L D L  a n d  a u t o r a d i o g r a p h e d .  C l e a r l y ,  t h i s  
r e p r e s e n t s  a  m o r e  s e n s i t i v e  d e t e c t i o n  s y s t e m .
- 1 8 2 -

/F i g .  7 1 . 1 .
D e t e c t i o n  o f  t h e  L D L  r e c e p t o r ,  a f t e r  s e p a r a t i o n  o n  a 7 5% 
p o l y a c r y l a m i d e  /  SDS g e l ,  a n d  t r a n s f e r  t o  n i t r o c e l l u l o s e ,  
b y  l i g a n d  b l o t t i n g  w i t h  b i o t m - b e t a - V L D L  S t r i p s  w e r e  
i n c u b a t e d  i n  l O p g  l i p o p r o t e i n  /  m l  b e f o r e  d e t e c t i o n  w i t h  
s t r e p t a v i d m - b i o t i n y l a t e d - p e r o x i d a s e  c o m p l e x  T h e  s t r i p
o n  t h e  r i g h t  w a s  s t o r e d  a t  - 2 0 ° C  f o r  1 1  d a y s  b e f o r e  b e i n g  
l i g a n d - b l o t t e d
- 1 8 3 -

D e t e c t i o n  o f  t h e  L D L - r e c e p t o r  o n  n i t r o c e l l u l o s e  b l o t s ,  
a f t e r  S D S / 7 . 5 %  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s ,  b y  
l i g a n d  b l o t t i n g  w i t h  lOj ug b i o t i n - L D L  /  m l  t o g e t h e r  w i t h  
v a r i o u s  d i l u t i o n s  o f  a n t i - a p o B  a ) - c )  c o n t r o l  s t r i p  ( n o  
a n t i b o d y ) ,  d )  1 * 2 0 0  a n t i - a p o B ,  e )  1 . 1 0 0  a n t i - a p o B ,  f )
1 ' 5 0  a n t i - a p o B  B a n d s  w e r e  d e t e c t e d  w i t h  
s t r e p t a v i d i n - b i o t m y l a t e d - p e r o x i d a s e  c o m p l e x
F ig  7 1 2
- 1 8 4 -

p o l y a c r y l a m i d e  /  SDS g e l s  t o  n i t r o c e l l u l o s e ,  w i t h  
125
I - l a b e l l e d  L D L  B l o t s  w e r e  i n c u b a t e d  w i t h  l O u g  
l i p o p r o t e i n  /  m l  a n d  t h e n  p r o c e s s e d  f o r  a u t o r a d i o g r a p h y  
u s i n g  K o d a k  X - r a y  f i l m
F ig  7 . 1  3.
Detection of the LDL-receptor, after transfer from 7 5%
- 1 8 5 -

D e t e c t i o n  o f  n i t r o c e l l u l o s e - b o u n d  L D L  r e c e p t o r  w i t h  
1 2 5
I - L D L . I O jliI  l i p o p r o t e i n / m l  w a s  i n c u b a t e d  i n  t h e  
p r e s e n c e  o f  l O O u g / m l  o f  t h e  A f f i - G e l  b l u e  p u r i f i e d  
a n t i b o d y  s o l u t i o n s  a t  4 ° C  o v e r n i g h t  b e f o r e  r e a c t i n g  w i t h  
t h e  b l o t s .  T h e  s t r i p s  w e r e  t h e n  p r o c e s s e d  f o r  
a u t o r a d i o g r a p h y  u s i n g  K o d a k  X - r a y  f i l m .  a )  -  c )  c o n t r o l  
1 2 5 1 - L D L  ( n o  a n t i b o d y ) ,  d )  1 2 5 I - L D L  + 3 H 9  e )  1 2 5 I - L D L  + 
5 B 1 0  f )  1 2 5 I - L D L  + 6 C 9 ,  g )  1 2 5 I - L D L  + 6 G 1 0 A 4 ,  h )  
1 2 5 I - L D L  + 4 G 1 B 4 .
F i g .  7 . 1 . 4 .
- 1 8 6 -
✓Jid "e f g
D e t e c t i o n  o f  n i t r o c e l l u l o s e - b o u n d  L D L - r e c e p t o r  w i t h  
1 2 5
I - L D L  lOjug l i p o p r o t e i n  /  m l  w a s  i n c u b a t e d  o v e r n i g h t
a t  4 ° C  w i t h  A f f i - G e l  b l u e  p u r i f i e d  a n t i b o d y  6 C9  s o l u t i o n
a t  d i f f e r e n t  p r o t e i n  c o n c e n t r a t i o n s  B l o t s  w e r e  i n c u b a t e d
w i t h  l i p o p r o t e i n  /  a n t i b o d y  c o m p l e x e s  a n d  d e t e c t e d  b y
a u t o r a d i o g r a p h y ,  a s  d e s c r i b e d  m  m e t h o d s
12  5
L e f t  t o  r i g h t  a ) - c )  c o n t r o l  I - L D L  ( n o  a n t i b o d y )  d )
1 2 5 I - L D L  + 6 C 9  ( l O O p g  p r o t e i n  /  m l )  e )  1 2 5 I - L D L  + 6 C 9  
( 7 5 p g / m l ) f )  1 2 5 I - L D L  + 6 C 9  ( 5 0 p g / m l ) ,  g )  1 2 5 I - L D L  + 6 C 9  
( 2 5 > : g / i n l )
Fi g 7 1 5 .
- 1 8 7 -
B i n d i n g  o f  I - L D L  t o  c u l t i v a t e d  h u m a n  f i b r o b l a s t s
C e l l  m o n o l a y e r s  w e r e  p r e p a r e d  m  d i s h e s  a s  d e s c r i b e d  i n
1 2 5
m e t h o d s  2 1 2 p g  I - L D L  ( S p e c  A c t  8 0  c p m / n g )  w e r e
i n c u b a t e d  o v e r n i g h t  a t  4 ° C  m  t h e  p r e s e n c e  o r  a b s e n c e  o f
a )  300 j ug p r o t e i n  c o n t a i n i n g  6 C9  a n t i b o d y ,  b )  6 0 0 p g
p r o t e i n  c o n t a i n i n g  6 G 1 0 A 4  a n t i b o d y  A t  t h e  b e g i n n i n g  o f
1 2 5e a c h  e x p e r i m e n t  t h e  i n d i c a t e d  a m o u n t s  o f  I - L D L  w e r e
a d d e d  t o  t h e  d i s h e s  A f t e r  i n c u b a t i o n  a t  4 ° C  f o r  2 h o u r s
t h e  m e d i u m  m  e a c h  d i s h  w a s  r e m o v e d  T h e  c e l l  p r o t e i n
c o n t e n t  o f  e a c h  d i s h  w a s  m e a s u r e d  a n d  t h e  a m o u n t  o f  
1 2 5 I - L D L  b o u n d  t o  t h e  c e l l s  w a s  d e t e r m i n e d  V a l u e s  
r e p r e s e n t  t h e  m e a n  o f  d u p l i c a t e  d e t e r m i n a t i o n s  ( 0 )  
c o n t r o l  1 2 5 I - L D L  • )  1 2 5 I - L D L  + 6 C 9 ,  ■ ) (1 2 5 I - L D L  +
6 G 1 0 A 4 .
Fi g  7 1 6
125
- 1 8 8 -
A n t i b o d i e s  3 H 9 ,  5 B 1 0 ,  6 C 9 ,  6 G 1 0 A 4  a n d  4 G 1 B 4  w e r e  t e s t e d
1 2 5
f o r  t h e i r  a b i l i t y  t o  i n h i b i t  I - L D L  b i n d i n g  t o
1 2 5
n i t r o c e l l u l o s e - b o u n d  L D L  r e c e p t o r s  T h e  I - L D L  w a s  
i n c u b a t e d  w i t h  t h e  a n t i b o d y  s o l u t i o n s  a t  4 ° C  o v e r n i g h t  
w i t h  a r a t i o  o f  p r o t e i n  t o  l i p o p r o t e i n  a t  1 0  t o  1 t o  a l l o w  
c o m p l e t e  f o r m a t i o n  o f  a n t i b o d y - L D L  c o m p l e x e s  P i g  7 1 4  
s h o w s  t h a t  t h e  a n t i b o d i e s ,  6 C9  a n d  4 G 1 B 4  c a u s e d  i n h i b i t i o n  
o f  b i n d i n g  Wh e n  6 C9  w a s  t e s t e d  a g a i n  a t  l o w e r  a n t i b o d y  
c o n c e n t r a t i o n s ,  L D L  r e c e p t o r  b i n d i n g  w a s  r e s t o r e d  
( f i g  7 1 5 )
B i n d i n g  i n h i b i t i o n  s t u d i e s  w e r e  a l s o  p e r f o r m e d  w i t h
c u l t u r e d  h u m a n  f i b r o b l a s t s ,  u s i n g  a n t i b o d i e s  6 C9  a n d
6 G 1 0 A 4  A n t i b o d y  /  l i p o p r o t e i n  c o m p l e x e s  w e r e  a l l o w e d  t o
f o r m  o v e r n i g h t  a t  4 ° C  b e f o r e  a d d i n g  t o  t h e  c e l l s  I n  t h i s
c a s e  t h e  a n t i b o d y  p r o t e i n  /  L D L  r a t ^ o  w a s  1 4  1 f o r  6 C9
a n d  2 8 1 f o r  6 G 1 0 A 4  A f t e r  a 2 h o u r  i n c u b a t i o n  a t  4 ° C
t h e  b i n d i n g  w a s  m e a s u r e d  b y  d e t e r m i n i n g  t h e  a m o u n t  o f
r a d i o a c t i v e  p r o t e i n  i n  t h e  d i s s o l v e d  c e l l s  W h i l e  6 G 1 0 A 4
1 ? S
h a d  n o  e f f e c t  o n  r e c e p t o r - m e d i a t e d  b i n d i n g  o f  I - L D L  t o
I O C
f i b r o b l a s t s ,  t h e  a d d i t i o n  o f  6 C 9  t o  I - L D L  s o l u t i o n
a p p e a r e d  t o  s l i g h t l y  e n h a n c e  c e l l u l a r  b i n d i n g  ( f i g  
7 1 6 )
7 2 D i s c u s s i o n
M o n o c l o n a l  a n t i b o d i e s  a g a i n s t  a p o B  w h i c h  i n h i b i t  L D L  f r o m  
b i n d i n g  t o  L D L  r e c e p t o r s  a r e  p o t e n t i a l l y  i n t e r e s t i n g  m  
t h a t  t h e y  a r e  l i k e l y  t o  b e  d i r e c t e d  a g a i n s t  a n  a n t i g e n i c  
s i t e  a t  o r  n e a r  t h e  r e c e p t o r  b i n d i n g  d o m a i n  a n d  c a n  t h u s
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b e  u s e d  i n  t h e  i m m u n o l o g i c a l  s t u d y  o f  t h i s  r e g i o n  L i g a n d  
b l o t t i n g  w i t h  l a b e l l e d  L D L  p r o v i d e s  a m o r e  r a p i d  a n d  
t e c h n i c a l l y  s i m p l e r  m e t h o d  o f  t e s t i n g  a n t i b o d i e s  t h a n  
b i n d i n g  s t u d i e s  w i t h  c u l t u r e d  f i b r o b l a s t s  B i o t i n - L D L  w a s  
t h e  c h o s e n  l i g a n d  a t  t h e  s t a r t  o f  o u r  e x p e r i m e n t  b u t  i t  
w a s  f o u n d  t o  d e t e c t  t h e  r e c e p t o r  w i t h  mu c h  l e s s  
s e n s i t i v i t y  t h a n  b i o t m - b e t a - V L D L  T h i s  l i p o p r o t e i n  was  
i s o l a t e d  f r o m  WHHL r a b b i t s  a n d  i n t e r a c t s  w i t h  t h e  r e c e p t o r  
t h r o u g h  a n  a p o l i p o p r o t e i n  E - m e d i a t e d  r e a c t i o n  ( H u i  e t  a l ., 
1 9 8 4 )  C e r t a i n  A p o E -  c o n t a i n i n g  l i p o p r o t e i n s ,  n a m e l y  
a p o E - H D L c , 1 DL  a n d  r e m n a n t s  b i n d  m o r e  p r e f e r e n t i a l l y  t o  
t h e  L D L  r e c e p t o r  t h a n  t h o s e  w h i c h  c o n t a i n  o n l y  a p o B - 1 0 0  
( B r o w n  a n d  G o l d s t e i n ,  1 9 8 3 )  s o  t h i s  c o u l d  e x p l a i n  t h e  
g r e a t e r  s e n s i t i v i t y  o f  b i o t m - b e t a - V L D L , w h i c h  a l s o  
c o n t a i n s  a p o E
12  5I n  my e x p e r i e n c e  i t  w a s  f o u n d  t h a t  I - l a b e l l e d  L D L  w a s  a 
m o r e  s e n s i t i v e  d e t e c t o r  o f  t h e  b o u n d  r e c e p t o r  t h a n  i t s  
b i o t i n y l a t e d  c o u n t e r p a r t  a n d  w a s  t h e r e f o r e  t h e  c h o s e n  
l i g a n d  f o r  t h e  m o n o c l o n a l  a n t i b o d y  i n h i b i t i o n  s t u d i e s
Wh e n  b l o t m - L D L  w a s  a l s o  t e s t e d ,  t h e  r e s u l t s  o b t a i n e d  w e r e
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t h e  s a m e  a s  f o r  I - L D L  i  e 6 C 9  a n d  4 G 1 B 4  i n h i b i t e d  LDL
b i n d i n g  H o w e v e r  t h e  b a n d s  w e r e  v e r y  f a i n t  a n d  a r e  n o t  
r e p r o d u c e d  h e r e
W i t h  t h e  e x c e p t i o n  o f  4 G 1 B 4 ,  t h e s e  e x p e r i m e n t s  w e r e  
c a r r i e d  o u t  u s i n g  p u r i f i e d  a n t i b o d i e s  f r o m  a s c i t e s  f l u i d  
4 G 1 B 4  w a s  p u r i f i e d  f r o m  h y b n d o m a  s u p e r n a t a n t  No a t t e m p t  
w a s  m a d e  t o  t e s t  u n t r e a t e d  h y b n d o m a  s u p e r n a t a n t  o v e r  t h e  
b l o t s  b e c a u s e  i t  w a s  b e l i e v e d  t h a t  l i p o p r o t e i n  p r e s e n t  i n  
f o e t a l  c a l f  s e r u m  w o u l d  i n t e r f e r e  w i t h  t h e  l i g a n d  b i n d i n g  
b y  c o m p e t i n g  w i t h  t h e  l a b e l l e d  L D L  I t  i s  p o s s i b l e ,
h o w e v e r ,  t h a t  s e r u m  f r e e  m e d i u m  c o u l d  b e  u s e d  t o  c u l t u r e  
t h e  h y b n d o m a s  a n d  t h e  s p e n t  c e l l  s u p e r n a t a n t  u s e d  m  t h e  
t e s t s  T h e  b e n e f i t  o f  t h i s  w o u l d  b e  t h e  t i m e  s a v e d  i n  n o t  
h a v i n g  t o  p u r i f y  a n t i b o d y  a n d  s c r e e n i n g  a s s a y s  c o u l d  b e  
d e v i s e d  t o  l o o k  f o r  a n t i b o d i e s  a g a i n s t  t h e  a p o B  r e g i o n  o f  
i n t e r e s t ,  1 e t h e  r e c e p t o r  b i n d i n g  d o m a i n ,  v e r y  r a p i d l y  
a f t e r  a f u s i o n .
A l a r g e  e x c e s s  ( 1 0  1 )  o f  a n t i b o d y  s o l u t i o n  w a s  r e q u i r e d  t o
e f f e c t  i n h i b i t i o n  M i l n e  e t  a l . ,  ( 1 9 8 3 )  a l s o  u s e d  a n
a n t i b o d y  e x c e s s  t o  L D L  i n  t h e i r  e x p e r i m e n t s  a l t h o u g h  t h e y
u s e d  p u r i f i e d  F a b  f r a g m e n t s  ( f r o m  a s c i t e s  f l u i d )
T i k k a n e n  e t  a j . ,  ( 1 9 8 2 ) ,  a c h i e v e d  70% i n h i b i t i o n  o f  b i n d i n g
1 2 5w h e n  e q u a l  a m o u n t s  o f  i n t a c t  a n t i b o d y  a n d  I - L D L  ( i n
c o n c e n t r a t i o n s  o f  u g / m l ) w e r e  u s e d
6 C9  d i d  n o t  p r e v e n t  LDL  f r o m  b i n d i n g  t o  t h e  r e c e p t o r  i n  
t h e  f i b r o b l a s t  e x p e r i m e n t s ,  m  w h i c h  o n l y  a s l i g h t  e x c e s s  
o f  a n t i b o d y  s o l u t i o n  w a s  u s e d  t o  f o r m  a n t i b o d y - L D L  
c o m p l e x e s  I f  a n y t h i n g ,  b i n d i n g  w a s  s l i g h t l y  e n h a n c e d  
I t  s h o u l d  b e  r e m e m b e r e d  t h a t  t h e  a n t i b o d y  p r e p a r a t i o n  w a s  
n o t  e n t i r e l y  p u r e  a f t e r  t h e  A f f i - G e l  b l u e  p u r i f i c a t i o n  s o  
t h a t  t h e  t r u e  r a t i o  o f  a n t i b o d y  t o  L D L  w o u l d  b e ,  m  f a c t ,  
l o w e r  t h a n  1 4 1 h e r e
Y o u n g  e t  a l ., ( 1 9 8 6 ) ,  h a v e  a l s o  d e s c r i b e d  t h e  s c r e e n i n g  o f
m o n o c l o n a l  a n t i b o d i e s  a g a i n s t  L D L  t o  d e t e r m i n e  w h e t h e r  o r
n o t  t h e y  i n h i b i t e d  L D L - r e c e p t o r  i n t e r a c t i o n  I t  i s
i n t e r e s t i n g  t h a t  t h e y  u s e d  h y b n d o m a  s u p e r n a t a n t  i n  t h e i r
a s s a y s  0 1 m l  s u p e r n a t a n t  w a s  i n c u b a t e d  w i t h  0 4 m l  o f  
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I - L D L ,  ( f i n a l  c o n c e n t r a t i o n ,  2 5 ; j g / m l ) , i n  D u l b e c c o ' s  
m o d i f i e d  E a g l e s  m e d i u m  ( DMEM) c o n t a i n i n g  2 5 m g / m l  
l i p o p r o t e m - d e f l c i e n t  s e r u m  f o r  1 2 h  a t  4 ° C  H e n c e ,
s u p e r n a t a n t ,  ( G a l f r e  & M i l s t e m ,  1 9 8 1 )  1 p g  i n t a c t
1 2 5a n t i b o d y  w a s  i n c u b a t e d  w i t h  1 Oug I - L D L  P r e s u m a b l y
t h e  b o v i n e  LDL  m  t h e  FCS o f  t h e  h y b n d o m a  s u p e r n a t a n t  w a s
1 2 5
t o o  d i l u t e  t o  c o m p e t i t i v e l y  i n h i b i t  I - L D L  t o  a n y  g r e a t
i
e x t e n t
assuming a antibody concentration of 10pg/ml in
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Chapter 8
General discussion
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S i x  o f  t h e  7 m o n o c l o n a l  a n t i b o d i e s  s e l e c t e d  f o r  f u r t h e r  
s t u d y  w e r e  d i r e c t e d  a g a i n s t  a p o l i p o p r o t e i n  B ,  s o  t h e  b u l k  
o f  my w o r k  w a s  d e v o t e d  t o  t h e  i m m u n o c h e m i c a l  
c h a r a c t e r i s a t i o n  o f  t h i s  p r o t e i n ,  m a i n l y  b y  p r o b i n g  t h e  
m o l e c u l a r  s t r u c t u r e  o f  t h e  d e t e r m i n a n t s  s p e c i f i e d  b y  t h e  
a n t l b o d i e s
On t h e  LDL  p a r t i c l e ,  l i p i d ,  c a r b o h y d r a t e s  a n d  p r o t e i n s  a r e  
p r e s e n t  a s  p o t e n t i a l  a n t i g e n s  a n d  i m m u n o b l o t t i n g , f o l l o w e d  
b y  c h e m i c a l  o r  e n z y m i c  m o d i f i c a t i o n  o f  t h e  i m m o b i l i s e d  
a n t i g e n  p r o v i d e s  a u s e f u l  m e t h o d  t o  " t y p e "  t h e  a n t i g e n i c  
d e t e r m i n a n t  i n t o  o n e  o f  t h e  a b o v e  t h r e e  c a t e g o r i e s  
I n  a d d i t i o n ,  s t u d i e s  w i t h  i m m u n o b l o t t m g  f r o m  d i f f e r e n t  
e l e c t r o p h o r e t i c  s y s t e m s  a l l o w e d  t h e  c o m p a r i s o n  o f  t h e  
i m m u n o c h e m i c a l  p r o p e r t i e s  o f  t h e  a n t i g e n i c  d e t e r m i n a n t s  
u n d e r  b o t h  d e n a t u r i n g  a n d  n o n - d e n a t u r i n g  c o n d i t i o n s ,  a s  
w e l l  a s  o n  n a t i v e  l i p o p r o t e i n s .
My w o r k ,  t h e r e f o r e ,  h a s  t a k e n  a d i f f e r e n t  l i n e  o f  a p p r o a c h  
t o  t h a t  o f  o t h e r  a u t h o r s ,  wh o  c o n c e n t r a t e d  o n  a s s i g n i n g  
a n t i g e n i c  d e t e r m i n a n t s  t o  d i f f e r e n t  a p o l i p o p r o t e i n  B 
s p e c i e s  a n d  c o m p a r i n g  t h e i r  e x p r e s s i o n  a mo n g  v a r i o u s  
l i p o p r o t e i n  c l a s s e s
L o o k i n g  a t  e a c h  a n t i g e n i c  d e t e r m i n a n t  i n d i v i d u a l l y  
2 B 6 A 1 2  a n d  3 F 1 2 D 1 2  h a v e  b e h a v e d  i n  i d e n t i c a l  f a s h i o n  
t h r o u g h o u t  t h e  e x p e r i m e n t s  a n d  a r e  p e r h a p s  d i r e c t e d  
a g a i n s t  t h e  s a m e  a n t i g e n i c  d e t e r m i n a n t  P r o t e i n a s e  K 
t r e a t m e n t  o f  t h e  b l o t  i n h i b i t e d  2 B 6 A 1 2  a n d  3 F 1 2 D 1 2  f r o m  
b i n d i n g  t o  t h e  a p o p r o t e i n  B T h i s  e n z y m e ,  a  b a c t e r i a l  
p r o t e a s e ,  i n h i b i t e d  s u b s e q u e n t  b i n d i n g  o f  a l l  t h e
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m o n o c l o n a l  a n t i b o d i e s  a n d  m a y  h a v e  d o n e  s o  t h r o u g h  
e x t e n s i v e  d e g r a d a t i o n  o f  t h e  p r o t e i n  H a d  p r o t e i n a s e  K 
n o t  c a u s e d  i n h i b i t i o n  o f  m o n o c l o n a l  a n t i b o d y  b i n d i n g  i t  
w o u l d  h a v e  p r o v i d e d  s t r o n g  e v i d e n c e  t h a t  t h e  a n t i g e n i c  
d e t e r m i n a n t  w a s  n o t  t o  b e  f o u n d  on  t h e  p o l y p e p t i d e  r e g i o n  
o f  t h e  m o l e c u l e ,  b u t  t h e  i n h i b i t i o n ,  o n  t h e  o t h e r  h a n d ,  
d o e s  n o t  p r o v e  c o n c l u s i v e l y  t h a t  t h e  d e t e r m i n a n t s  a r e  
p o l y p e p t i d e  i n  n a t u r e
T h e  b i n d i n g  s i t e  o n  a p o B  f o r  a n t i b o d i e s  2 B 6 A 1 2  a n d  3 F 1 2 D 1 2  
i s  a b o l i s h e d  w h e n  t h e  p r o t e i n  i s  s u b j e c t e d  t o  d e n a t u r a t i o n  
i n  t h e  p r e s e n c e  o f  S D S ,  s o  i t  i s  m o s t  l i k e l y  
c o n f o r m a t i o n a l  1 e i t  ma y  b e  t h a t  t h e  d e t e r m i n a n t  i s  m a d e  
u p  o f  a m i n o  a c i d s  w h i c h ,  a l t h o u g h  d i s t a n t  f r o m  e a c h  o t h e r  
o n  t h e  p o l y p e p t i d e  c h a i n ,  a r e  s p a t i a l l y  a d j a c e n t  o n  t h e  
p r o t e i n s  t e r t i a r y  s t r u c t u r e
N o n e  o f  t h e  c h e m i c a l  o r  e n z y m i c  m o d i f i c a t i o n  e x p e r i m e n t s  
w e r e  a b l e  t o  d e t e r m i n e  w h i c h  a m m o  a c i d s  w e r e  c o n t a i n e d  m  
t h e  d e t e r m i n a n t  f o r  t h e s e  a n t i b o d i e s
T h e  d e t e r m i n a n t  f o r  6 G 1 0 A 4  i s  a l s o  c o n f o r m a t i o n a l  a n d  
a n t i b o d y  b i n d i n g  w a s  i n h i b i t e d  a f t e r  t r e a t m e n t  o f  t h e  b l o t  
w i t h  s o l v e n t ,  s u g g e s t i n g  a r e q u i r e m e n t  f o r  l i p i d  m o l e c u l e s  
t o  m a i n t a i n  t h e  a n t i g e n i c  s t r u c t u r e  On n a t i v e  L D L  a n d  
t o t a l  l i p o p r o t e i n ,  t h e  a n t i b o d y  b i n d s  s t r o n g l y  a n d  w i t h  a  
p a t t e r n  s i m i l a r  t o  t h a t  o f  2 B 6 A 1 2  a n d  3 F 1 2 D 1 2  T h i s  
a n t i g e n  i s  s u s c e p t i b l e  t o  m o d i f i c a t i o n  o f  a n  a m i n o  g r o u p  
b y  r e d u c t i v e  m e t h y l a t i o n  t r e a t m e n t  w h i c h  m a k e s  i t  l i k e l y  
t h a t  l y s i n e  i s  c l o s e  t o  o r  a t  t h e  a n t i b o d y  b i n d i n g  s i t e  
T h e  d e t e r m i n a n t  i s  a l s o  v e r y  s e n s i t i v e  t o  p e p s i n
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t r e a t m e n t ,  w h i c h  s u g g e s t s  t h a t  a h y d r o p h o b i c  a m i n o  a c i d  
r e s i d u e  i s  p r e s e n t
4 G 1 B 4  w a s  u n l i k e  o t h e r  a n t i b o d i e s ,  i n  t h a t  i t  b o u n d  a  
d e t e r m i n a n t  w h i c h  w a s  a l s o  e x p r e s s e d  on  h i g h  d e n s i t y  
l i p o p r o t e i n s ,  a s  w e l l  a s  o n  a p o l i p o p r o t e i n  B O f  t h e  
m o d i f i c a t i o n  e x p e r i m e n t s ,  o n l y  p e p s i n  t r e a t m e n t  r e s u l t e d  
i n  a s l i g h t l y  l o w e r e d  b i n d i n g  r e a c t i v i t y  f o r  t h i s  a n t i b o d y  
s o  l i t t l e  i n f o r m a t i o n  on  w h a t  a m i n o  a c i d s  m a k e  u p  t h e  
a n t i g e n i c  d e t e r m i n a n t  c o u l d  b e  g a i n e d  T h i s  d e t e r m i n a n t  
w a s  n o t  d e s t r o y e d  b y  p r o t e i n  d e n a t u r a t i o n  i n  SDS a n d  w a s  
t h e r e f o r e  p r o b a b l y  s e q u e n t i a l
T h e  d e t e r m i n a n t  f o r  a n t i b o d y  5 B 1 0  w a s  t h e  o n l y  o n e  t o  b e  
c o n s i s t e n t l y  s u s c e p t i b l e  t o  t r y p s i n  c l e a v a g e ,  i m p l y i n g  
t h a t  a l y s i n e  o r  a r g i n i n e  r e s i d u e  w a s  c o n t a i n e d  i n  t h e  
a n t i b o d y  b i n d i n g  s i t e  T h e  s i t e  w a s  u n a f f e c t e d  b y  p e p s i n  
t r e a t m e n t  a n d  b e c a u s e  t h e  d e t e r m i n a n t  w a s  n o t  d e s t r o y e d  b y  
SDS t r e a t m e n t  i t ,  a l s o ,  i s  p r o b a b l y  s e q u e n t i a l  R e d u c t i v e  
m e t h y l a t i o n  o f  l y s i n e  r e s i d u e s  c a u s e d  i n h i b i t i o n  o f  
a n t i b o d y  b i n d i n g
6C9  w a s  a l s o  a n  a n t i b o d y  w h i c h  w a s  i n h i b i t e d  b y  
m o d i f i c a t i o n  o f  l y s i n e  i n  t h e  a n t i g e n  T h i s  a n t i b o d y  
b o u n d  t o  a d e t e r m i n a n t  w h i c h  w a s ,  l i k e  t h e  o n e s  f o r  5 B 1 0  
a n d  4 G 1 B 4 ,  n o t  d e s t r o y e d  b y  SDS t r e a t m e n t ,  a n d  i t  w a s  a l s o  
p a r t i a l l y  s e n s i t i v e  t o  p e p s i n  c l e a v a g e .  T h e  r e a c t i v i t y  o f  
6C9  t o  a p o p r o t e i n  B i n  V L D L  w a s  l o w e r  t h a n  f o r  L D L  m  a n  
E L I S A  s u g g e s t i n g  t h a t  i t  i s  p r e f e r e n t i a l l y  e x p r e s s e d  i n  
t h e  l a t t e r  p r o t e i n  I n  t h e  e x p e r i m e n t s  w i t h  t r y p s i n ,  t h e  
d e t e r m i n a n t  f o r  6 C 9  w a s  o r i g i n a l l y  n o t  s u s c e p t i b l e  t o
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c l e a v a g e ,  a n d  m  s u b s e q u e n t  e x p e r i m e n t s  b i n d i n g  w a s  s t i l l  
v i s i b l e ,  a t  a l l  t r y p s i n  c o n c e n t r a t i o n s  6 C9  w a s  i n c l u d e d  
a m o n g  t h e  a n t i b o d i e s  w h i c h  w e r e  t e s t e d  f o r  t h e i r  a b i l i t y  
t o  i n h i b i t  L D L  f r o m  b i n d i n g  t o  t h e  L D L - r e c e p t o r  a n d  i t  
d e m o n s t r a t e d  i n h i b i t i o n  w h e n  L D L - r e c e p t o r  w a s  i m m o b i l i s e d  
on  n i t r o c e l l u l o s e  b l o t s
5 B 1 0  a n d  6 C 9  a l s o  d e m o n s t r a t e d  s i m i l a r  b i n d i n g  p a t t e r n s  t o  
l i p o p r o t e i n  o n  n a t i v e  g e l  b l o t s
O f  t h e  f i v e  e n z y m e s  u s e d  m  t h e  m o d i f i c a t i o n  e x p e r i m e n t s ,  
t w o ,  p e p s i n  a n d  p r o t e i n a s e  K ,  w e r e  l e s s  d i s c r i m i n a t e  m  
t h e i r  s u b s t r a t e  s p e c i f i c i t y  t h a n  t r y p s i n ,  l i p a s e  a n d  
n e u r a m i n i d a s e ,  a n d  m o r e  o f  t h e  a n t i b o d i e s  t e s t e d  b o u n d  t o  
d e t e r m i n a n t s  t h a t  w e r e  s e n s i t i v e  t o  h y d r o l y s i s  b y  t h e s e  
e n z y m e s  T h e  o n l y  d e t e r m i n a n t  r e p e a t e d l y  a f f e c t e d  b y  
t r y p s i n o l y s i s  w a s  t h a t  f o r  5 B 1 0 ,  w h i l e  n e u r a m i n i d a s e  
c a u s e d  s o m e  s l i g h t  i n h i b i t i o n  o f  p o l y c l o n a l  
a n t l - a l p h a - l i p o p r  o t e m  b i n d i n g  t o  a p r o t e i n  b a n d  o f  h i g h
t
m o b i l i t y  i n  t h e  D a v i s  g e l s  ( f i g  5 2 5 )  T h i s  b a n d  may  
c o n t a i n  t h e  C - a p o p r o t e m s , o f  w h i c h  a p o C - I I I  e x h i b i t s  
v a r y i n g  d e g r e e s  o f  s i a l y l a t i o n  L i p a s e  f a i l e d  t o  a f f e c t  
a n y  o f  t h e  a n t i g e n i c  d e t e r m i n a n t s  s t u d i e d ,  e v e n  t h o u g h  i t  
a p p e a r e d  t h a t  l i p i d  p l a y e d  a r o l e  m  m a i n t a i n i n g  t h e  
a n t i g e n i c  d e t e r m i n a n t  s t r u c t u r e  f o r  t h r e e  m o n o c l o n a l  
a n t i b o d i e s  T h e  l i p a s e  u s e d ,  S I G M A  t y p e  1 ,  r e l e a s e s  f r e e  
f a t t y  a c i d s  f r o m  t n a c e t i n  s u b s t r a t e  a n d  i t ' s  p o s s i b l e  
t h a t  a p o B  w a s  n o t  a s u i t a b l e  s u b s t r a t e  f o r  t h i s  e n z y m e  
T h e  m o s t  o b v i o u s  f o r m  o f  l i p a s e  f o r  t h e s e  s t u d i e s  i s  
l i p o p r o t e i n  l i p a s e  a n d  m  f a c t  i n c u b a t i o n s  o f  b l o t s  i n
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p o s t - h e p a r i n  p l a s m a  ( a s  a s o u r c e  o f  t h e  e n z y m e )  w e r e  t r i e d  
o r i g i n a l l y  U n f o r t u n a t e l y  t h e  b l o t s  h a d  s u c h  h i g h  
b a c k g r o u n d  s t a i n i n g  a f t e r  i m m u n o d e t e c t i o n ,  f o l l o w i n g  t h i s  
t r e a t m e n t ,  t h a t  i t  w a s  v e r y  d i f f i c u l t  t o  t e l l  i f  b i n d i n g  
w a s  r e d u c e d  o r  n o t  I t  w a s  f o r  t h i s  r e a s o n  t h a t  I  u s e d  
t h e  a l t e r n a t i v e ,  t h o u g h  c r u d e r ,  m e t h o d  o f  d e l i p i d a t i o n  
t h r o u g h  o r g a n i c  s o l v e n t  t r e a t m e n t ,  a n d  a l s o  t r i e d  a 
d i f f e r e n t ,  c o m m e r c i a l  l i p a s e
I t  a p p e a r s  t h a t  s p e c i f i c  e n z y m e s  a r e  l e s s  s u c c e s s f u l  m  
o b t a i n i n g  i n f o r m a t i o n  a b o u t  t h e  a n t i g e n i c  d e t e r m i n a n t  t h a n  
c h e m i c a l  r e a g e n t s  I t  i s  n o t e w o r t h y  t h a t  h i g h  e n z y m e  
c o n c e n t r a t i o n s  w e r e  n e e d e d  t o  e f f e c t  a n y  i n h i b i t i o n  A 
p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  ma y  b e  t h a t ,  b e c a u s e  t h e  
s u b s t r a t e  i s  i m m o b i l i s e d ,  b r e a k i n g  t h e  p e p t i d e  b o n d  ( i n  
t h e  c a s e  o f  t r y p s i n )  m a k e s  l i t t l e  d i f f e r e n c e  t o  t h e  
a n t i g e n  s t r u c t u r e ,  1 e i t  m a k e s  m i n i m a l  c h a n g e s  t o  t h e  
g r o s s  p h y s i c a l  s t r u c t u r e  o f  t h e  p r o t e i n  a n d  t h e r e f o r e  i t s  
r e a c t i v i t y  w i t h  a n t i b o d y  i s  u n c h a n g e d  On t h e  o t h e r  h a n d ,  
r e d u c t i v e  m e t h y l a t i o n ,  a s  a n  e x a m p l e  o f  a c h e m i c a l  
m o d i f i c a t i o n ,  c a u s e d  t w o  m e t h y l  g r o u p s  t o  b e  a d d e d  on  t o  
l y s i n e  r e s i d u e s ,  w h i c h  w a s  p r o b a b l y  a g r e a t e r  p e r t u r b a t i o n  
o f  t h e  a n t i g e n i c  s t r u c t u r e
E x p e r i m e n t s  t o  d e t e r m i n e  w h e t h e r  a n y  o f  t h e  m o n o c l o n a l  
a n t i b o d i e s  c o u l d  i n h i b i t  LDL  f r o m  b i n d i n g  t o  i t s  r e c e p t o r  
w e r e  p e r f o r m e d  b e c a u s e  i t  h a d  b e e n  d i s c o v e r e d  t h a t  t h r e e  
o f  t h e  a n t i g e n i c  d e t e r m i n a n t s  w e r e  s u s c e p t i b l e  t o  
r e d u c t i v e  m e t h y l a t i o n  o f  a m i n o  g r o u p s  M e a n s  a n d  F e e n e y  
( 1 9 6 8 ) ,  h a v e  d e m o n s t r a t e d  t h a t  t h e  o n l y  a m i n o  a c i d
- 1 9 8 -
N - t e r m i n a l  a m i n o  a c i d  A n t i b o d i e s  5 B 1 0 ,  6 C9  a n d  6 G 1 0 A 4
w e r e  t h e r e f o r e  p o s s i b l e  r e a c t i v e  t o  d e t e r m i n a n t s  w h i c h
i n c l u d e d  l y s i n e  r e s i d u e s  a n d  t h e r e f o r e  p o s s i b l y  t h e
r e c e p t o r  r e c o g n i t i o n  d o m a i n  o f  a p o B ,  w h i c h  W e i s g r a b e r  e t
a l , ( 1 9 7 8  ) ,  h a d  s h o w n  t o  i n v o l v e  t h i s  a m i n o  a c i d
Wh e n  M i l n e  e t  a l . , ( 1 9 8 3 )  m o d i f i e d  L D L  b y  r e d u c t i v e
m e t h y l a t i o n ,  i t  c a u s e d  a n  a l m o s t  t o t a l  l o s s  o f  r e a c t i v i t y
w i t h  a l l  s e v e n  o f  t h e i r  a n t i - L D L  a n t i b o d i e s  F i v e  o f
t h o s e  w e r e  l a t e r  d e m o n s t r a t e d  t o  b e  i n h i b i t o r y  t o
L D L - r e c e p t o r  b i n d i n g  o n  c u l t u r e d  h u m a n  f i b r o b l a s t s .
O f  my f i v e  a n t i b o d i e s ,  o n l y  6 C 9 ,  o f  t h e  t h r e e  w h i c h  w e r e
i n h i b i t e d  b y  r e d u c t i v e  m e t h y l a t i o n  w a s  a b l e  t o  i n h i b i t  
1 2 5 I - L D L - r e c e p t o r  b i n d i n g  4 G 1 B 4  a l s o  c a u s e d  s ome
i n h i b i t i o n ,  w h i c h  w a s  a n  u n e x p e c t e d  f i n d i n g  i n  v i e w  o f  t h e
f a c t  t h a t  t h i s  a n t i b o d y  b i n d s  t o  a d e t e r m i n a n t  w h i c h  d o e s
n o t  c o n t a i n  l y s i n e .  T h i s  m a y  b e  a  r e f l e c t i o n  o n  t h e
d i s t a n c e  o f  t h e  d e t e r m i n a n t  f r o m  t h e  r e c e p t o r  b i n d i n g
d o m a i n  a n d  f r o m  l y s y l  r e s i d u e s
1 2 5
F o r m a t i o n  o f  a n t i b o d y  /  I - L D L  c o m p l e x e s  u s i n g  i n t a c t  
a n t i b o d y  m o l e c u l e s  i n s t e a d  o f  F a b  f r a g m e n t s  s t i l l  a l l o w e d  
L DL  t o  b i n d  t o  t h e  r e c e p t o r  i n  t h e  p r e s e n c e  o f  5 B 1 0  a n d
6 G 1 0 A 4 ,  a s  w e l l  a s  3 H 9 ,  s o  i t  i s  u n l i k e l y  t h a t  6 C9  a n d
>
4 G 1 B 4  i n h i b i t e d  t h r o u g h  p r e c i p i t a t i o n  o f  L D L  o r  s t e n c  
h i n d r a n c e
i n  c o n c l u s i o n ,  a t  l e a s t  f i v e  d i s t i n c t  a n t i g e n i c
d e t e r m i n a n t s  w e r e  s p e c i f i e d  b y  t h e  p a n e l  o f  a n t i - a p o B
1
a n t i b o d i e s  a n d  s o m e  i n s i g h t  i n t o  t h e  m o l e c u l a r  s t r u c t u r e
r e s i d u e s  a f f e c t e d  by t h i s  t r e a t m e n t  wer e  l y s i n e  and t h e
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w a s  g a i n e d  t h r o u g h  t h e  a p p l i c a t i o n  o f  t h e  i m m u n o b l o t t m g  
t e c h n i q u e  I t  w a s  a l s o  p o s s i b l e  t o  u s e  b l o t t i n g  t o  
c o m p a r e  t h e  l m m u n o r e a c t i v e  p r o p e r t i e s  o f  t h e  d e t e r m i n a n t s  
i n  b o t h  d e l i p i d a t e d  a n d  n a t i v e  p r o t e i n s ,  a s  w e l l  a s  i n  
p l a s m a ,  a n d  t o  a s c e r t a i n  w h e t h e r  SDS t r e a t m e n t  p e r t u r b e d  
t h e  d e t e r m i n a n t  o r  n o t
As d o t - b l o t t i n g  w a s  a l s o  i n t r o d u c e d  a s  a  s c r e e n i n g  
t e c h n i q u e  t h e  u s e f u l n e s s  t o  my r e s e a r c h  w a s  t h r e e - f o l d  
I t  s h o u l d  b e  p o s s i b l e  t o  u s e  t h i s  p a n e l  t o  s c r e e n  t h e  
a p o l i p o p r o t e i n  B o f  i n d i v i d u a l s  f o r  a l t e r a t i o n s  i n  
s t r u c t u r e  S c h u m a k e r  e t  a l .j ( 1 9 8 4 )  h a s  a l r e a d y  d e s c r i b e d  
t h e  d i s c o v e r y  o f  a n  a p o B  p o l y m o r p h i s m  w h i c h  w a s  d e t e c t e d  
w i t h  3 m o n o c l o n a l  a n t i b o d i e s  o f  t h e  1 1  d e s c r i b e d  
o r i g i n a l l y  b y  C u r t i s s  a n d  E d g m g t o n  ( 1 9 8 2 )  a n d  T s a o  e t  a l ,,
( 1 9 8 2 )
T h e  p o l y m o r p h i s m  w a s  s h o w n  t o  b e  d u e  t o  a n  a l t e r a t i o n  i n  
p r o t e i n  s t r u c t u r e  w h i c h  w a s  m o s t  l i k e l y  c a u s e d  b y  a n  a m i n o  
a c i d  s u b s t i t u t i o n  H o w e v e r ,  t h e  m e t h o d  t h e y  u s e d  f o r  
s c r e e n i n g  t h e  L D L  w a s  u n w i e l d y  a n d  p e r h a p s  o p e n  t o  
m i s i n t e r p r e t a t i o n  Y o u n g  e t  a l - ,  ( 1 9 8 6 ) ,  r e p o r t e d  a 
p o l y m o r p h i s m  i n  a p o B  w h i c h  c o u l d  b e  d e t e c t e d  b y  m o n o c l o n a l  
a n t i b o d y  M B 1 9 ,  ( w h i c h  w a s  a l s o  f r o m  C u r t i s s ' s  p a n e l ) ,  
u s i n g  a s o l i d - p h a s e  R I A ,  w h i c h  w a s  a mu c h  s i m p l e r  m e t h o d  
T h i s  p o l y m o r p h i s m  t u r n e d  o u t  t o  b e  t h e  s a m e  o n e  a s  t h a t  
i d e n t i f i e d  b y  S c h u m a k e r ' s  g r o u p ,  b u t  t h e  i m p r o v e d  a s s a y  
p r o c e d u r e  r e s u l t e d  m  a r e - e v a l u a t i o n  o f  t h e  p o l y m o r p h i s m  
f r e q u e n c y  m  t h e  p o p u l a t i o n  T h e  b l o t t i n g  p r o c e d u r e  
s h o u l d  p r o v i d e  a s i m p l e  a n d  s u c c e s s f u l  m e t h o d  o f  s c r e e n i n g
a p o B  f o r  p o l y m o r p h i s m  a n d  c o u l d  b e  a d a p t e d  f o r  d e l i p i d a t e d  
a n d  n a t i v e  l i p o p r o t e i n s ,  a s  w e l l  a s  S D S - t r e a t e d  s a m p l e s  
H o w e v e r ,  a s  t h e r e  i s  e v i d e n c e  f r o m  T i k k a n e n  e t  a l , ( 1 9 8 3 ) ,  
t h a t  a l t e r a t i o n s  m  i m m u n o r e a c t i v i t y  c a n  b e  c a u s e d  b y  
d i f f e r e n c e s  m  l i p i d  c o m p o s i t i o n  a m o n g  i n d i v i d u a l s ,  o n e  
w o u l d  n e e d  t o  t a k e  m e a s u r e s  t o  e n s u r e  t h a t  a n y  v a r i a t i o n  
m  i m m u n o r e a c t i v i t i e s  w e r e  n o t  t h e  r e s u l t  o f  s u c h  
d i f f e r e n c e s , b u t  w e r e  a t r u e  r e f l e c t i o n  o f  a v a r i a n t  a p o B  
p r o t e i n
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